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Description 

[0001] The invention reiates to a resinous dental composition, which is self-curing, photochemicalty or thermally 
curable in the presence of initiators, based on potymerisable polysitoxanes, to a process for its preparation and to its 
s use for the preparatbn of pasty dental materials, which are self-curing, photochemicalty or thermally curable in the 
presence of initiators, which are composed of one or more resinous dental compositions and optionally of one or more 
finely divided fillers and/or customary additives. Suitable additives are, for example, pigments, stabilisers, ptasticisers 
or impact strength enhancers. 

[0002] The term 'dental material" includes, for example, filling materials for looking after carious defects or other 
10 dental defects in the oral cavity, inlays, crown and bridge materials, facings, sealing and protective coating composi- 
tions, synthetic fixing materials for fixing inlays or crowns and bridges, stump building-up materials, prosthetic materials, 
compositions for the production of artificial teeth, and adhesion promoters for dental filling materials. 
[0003] Customary resinous dental compositions as a rule function as binders for the production of dental materials 
and contain at least one monomeric ester of methacrylic acid, but usually a mixture of several such esters. Suitable 
IS monofunctional esters of methacrylic acid are, for example, methyl methacrylate, ethyl methacrylate, isopropyt meth- 
acrylate, n-hexyl methacrylate and 2-hydroxyethyl methacrylate. 

[0004] Recently, polyf unctional esters of methacrylic acid with relatively high molecular weights have commonly been 
employed, such as, for example, ethylene glycol dimethacrylate, butanediol 1 ,4-dimethacrylate, triethylene glycol 
dimethacrylate, dodecanediol-1 . 1 2-dimethacrylate, dodecanediol 1 , 1 0-dimethacrylate. pentaerythritol trimethacrylate, 
20 pentaerythritol tetramethacrylate. trimethylolpropane trimethacrylate. 2.2-bis[p-( y -meth-acryloxy-p-hydroxypropoxy) 
-phenyl]-propane, 2.2-bis[p -(p-hydroxyethoxy)-phenyl]propane dimethacrylate (bis-GMA), the diadduct of hydroxye- 
thyl methacrylate and trimethylhexamethylene diisocyanate and the diadduct of hydroxyethyl methacrylate and iso- 
phorone diisocyanate. 

[0005] Materials based on, for example, methyl methacrylate. which are used as prosthetic bases, crown and bridge 
2S resins or as filling resins, do present outstanding advantages with respect to their workability, their aesthetic appearance 
and their stability in the oral area. However, since these materials have poor mechanical strengths, it may happen that 
a breakage occurs in the production of a prosthesis after polymerisation in a piaster of Paris mould during removal 
from this mould, that the prosthesis breaks in the mouth or if it is unintentionally dropped. In view of the sensitivity to 
temperature and taste and the strange feel in the employed state, it is expedient if a prosthesis is kept as thin as 
30 possible, l-lowever, it is virtually impossible to make it thin because of its strength. 

[0006] When using the atx^ve mentioned materials as crown and bridge resin, there is the risk owing to the poor 
abrasion resistance that the sensitive surface will be abraded by brushing or that the cutting edge will break off. To 
eliminate these disadvantages experiments have been undertaken to improve the mechanical strength of such dental 
materials by means of novel resin formulations. Thus, resinous dental compositions based on polysiloxane polymers 
ss which are copolymertzed with further monomers are disclosed in DE 3,610,804 A1 , which should lead after polymer- 
isation to compositions having improved resistance to pressure, abrasion resistance and flexural strength. The disad- 
vantage of these resinous dental compositions, however, is their large shrinkage on curing, which does not permit their 
use in many application areas. 

[0007] Depending on the application purpose, materials for dental applications can be cured in various ways. There 
40 are dental filling materials both as photochemically curing and as self-curing (autopolymerislng) compositions. The 
photochemically curing compositions contain photoinitiators such as benzoin alkyi ethers, benzil monoketals, acyl- 
phosphine oxides or aliphatic or aromatic 1 ,2-diketo compounds, such as, for example, camphorquinone. and polym- 
erisation accelerators such as aliphatic or aromatic tertiary amines, for example N,N-dimethyt-p-toluidine or trieth- 
anolamine, or organk: phosphites, and cure on irradiation with UV or visible tight. 
4S [0008] The self-curing dental materials are composed as a rule of a catalyst and a base paste, each of which contains 
the component of a redox system, and which polymerise on mixing both components. One component of the redox 
system is usually a peroxide, such as. for example, dibenzoyi peroxide, the other is usually a tertiary aromatic amine, 
such as, for example, N,N-dimethyl-p-tolukjine. 

[0009] Other dental materials such as prosthetic plastics or synthetic compositk>ns for the production of artificial 
so teeth can be polymerised under the action of heat. Initiators used here are as a rule peroxides such as dibenzoyi 
peroxide, dilauryl peroxide or bis(2,4-dk;hlorobenzoyl peroxide). 

[0010] Dental materials furthermore as a rule contain pigments which - added in a small amount - are used to bring 
the colour of the dental materials into line with the various shadings of natural teeth. Suitable pigments are. for example, 
iron oxide black, iron oxide red, iron oxkde yellow, iron oxide brown, zinc oxide and titanium oxide. 
55 [001 1] Dental materials usually also contain organic or inorganic fillers. This is done in order to reduce the shrinkage 
in volume of the resinous dental composition during polymerisation. Pure, monomeric methyl methacrylate shrinks, for 
example, during polymerisation by about 20% by volume. By addition of about 60% by weight of solid methyl meth- 
acrylate polymer, the shrinkage can be reduced to about 5 to 7% by volume (DE Patent 2,403,211). 
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[0012] Other organic fillers are obtained by preparing a polynner wtiich is essentially composed of methacrylic acid 
esters and is non-crosslinked or crossiinked. This polymer optionally contains surtace-treated fillers. If it is prepared 
as a polymer, it can be added to the resinous dental composition in this form; on the other hand if It is prepared in 
compact form by polymerisation in substance, it must first be ground to give a so-called chip polymer before incorpo- 

5 ration in the resinous dental composition. 

[0013] In addition to the already-mentioned filler-containing bead and chip polymers, commonly used preformed 
polymers are homopolymers of methyl methacrylate or, preferably non-crosslinked, copolymers of methyl methacrylate 
having a low content of esters of methyacrylic acid or of acrylic acid with 2 to 12 C atoms in the alcohol component, 
expediently in the form of a bead polymer. Other suitable polymers are non-crosslinked products based on poly- 

10 urethanes, polycarbonates, polyesters and polyethers. 

[0014] Thus, for example, in DE 3,903,407 C2 dental filling materials based on polymerisable (meth)acrylic acid 
esters are disclosed as a resinous dental composition, i.e. as binders which contain finely ground inorganic/organic 
polymers based on polysiloxanes as fillers. For the preparation of dental filling materials, these inorganic/organic pol- 
ymers are added in finely ground form to the resinous dental composition, together with other components, as a filter. 

?5 [0015] Inorganic fillers are. for example, finely ground glasses or quartz having mean particle sizes between about 
1 and 10 \im and highly disperse Si02 having mean particle sizes between about 10 and 400 nm. The glasses are 
preferably aluminium silicate glasses, which can be doped with barium, strontium or rare earths (DE Patent 2,458.380). 
[0016] With respect to the finely ground quartz and the highly disperse Si02, it remains to be noted that the inorganic 
filler is as a rule silanised before mixing with the monomers for better binding to the organic matrix. For this purpose, 

20 the inorganic fillers are coated with silane coupling agents (as adhesion promoters) whk:h usually have a polymerisable 
double bond for reaction with the monomeric esters of methacrylic acid. Suitable silane coupling agents are, for ex- 
ample, vinyl trichlorosilane, tris(2-methoxyethoxy)vinylsilane, tris(acetoxy)vinylsilane and 3-methacryloyloxypropyltri- 
methoxysilane. 

[0017] The filling materials composed of fillers and polymerisable compounds, the so-called "composites", have in 
25 particular recently gained increasing importance in dental medicine. These are composed of an inorganic or organic 
filler and of a curable organic matrix. In this way, the fillers cause a decrease in the shrinkage on polymerisation of the 
resultant dental material and a reinforcement of the organic polymer structure. Very generally, it can be said that im- 
proved mechanical properties and a reduced shrinkage on curing can be achieved by as high a content as possible 
of fillers in the dental materials. The highest amount of fillers to be employed Is dependent, however, on the properties 
30 of the monomers employed in the resinous dental composition. 

[0018] EP-A-261, 520 discloses polymerisable siloxanes comprising tricyclo-decane groups substituted by groups 
having a (meth)acrylate residue. The siloxanes are used to prepare dental filling materials comprising e.g. 55-60% by 
weight inorganic filler. 

[0019] Good mechanical properties and high resistances to abrasion are important requirements which must be 
35 aimed at by a dental material which is intended permanently to replace lost dental enamel. In addition to these rein- 
forcing properties, other material parameters must likewise also be aimed at by dental materials. In this connection, 
an essential parameter is the polishing ability. High gk)ss polishing ability is of considerable importance for dental filling 
materials as well as for bridge and crown materials for at least two reasons: 

[0020] For aesthetic reasons, a highly glossy and completely homogeneous surface of the filling material is to be 
40 required in order that the filling can no longer be differentiated from the surrounding, absolutely smooth, natural dental 

enamel. Furthermore, this highly glossy filling surface must retain its character long-term. A highly smooth filling surface 

is therefore also important in order that plaque or discolouring media do not find any mechanical anchorage sites. 

[0021] In the customary dental materials, the property of high gloss polishing ability is produced by the addition of 

fillers, since the customary resinous dental compositions employed as binders are not pollshable after their curing. 
45 Thus, DE 3.91 3,250 A1 and DE 3,91 3,252 Al disclose dental materials which are curable to give a composition which 

can be polished to a high gloss. This high gloss polishing ability is achieved by the addition of finely divided organop- 

olysiloxanes as a filler. 

[0022] Polymer composites and amalgams are two Important classes of material in the restorative dental field. On 
the basis of toxicological considerations, the desire is to replace amalgam fillings by composite materials. Commercially 
so available dental composites as a rule additbnally exhibit the following weak points: 

too great a shrinkage on curing, 

too high a thermal expansion coefficient in comparison with the dental tissue 
inadequate adhesbn to the dental tissue 

55 

[0023] These deficiencies can lead to formation of a gap at the edge and to secondary caries, and thus further reduce 
the stability ot the filling over time. 

[0024] A further weak point of the conventional composite materials is their poor abrasion behaviour. 
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[0025] The recently used polyfunctional monomeric esters of methacrylic acid mentioned at the beginning do cause 
a decrease in the shrinkage on polynnerisation and the shrinkage on polymerisation can be still further reduced by 
addition of up to about 85% by weight of the described fillers, but the reduction of the shrinkage on curing thus obtainable 
Is not adequate in order to be aimed at all requirements of an optimum dental filling material. The same applies to the 

s resinous dental compositions based on polyslloxane polymers mentioned at the beginning. With conventional polymer 
systems containing inorganic fillers, a reduction in the shrinkage below 2% is barely possible. Therefore optimal sealing 
at the edge with dental fillings is only achievable by means of energy-consuming inlay technique. 
[0026] In addition, a reduction of the thermal expansion coefficients below about 25X 10*^ K'' is not possible with the 
conventional composite materials. This value is much too high to ensure a sufficiently good temperature change be- 

10 haviour of the resulting dental material, in particular of dental fillings, since the thermal expansion coefficient of the 
dental enamel or of the dentine is about 12X10-^ K ^ The thermal expansion coefficient of the resulting dental filling 
is dependent on the filler contents, since fillers as a rule have a lower expansion coefficient than the organic matrix. 
[0027] Further requirements which are made of a dental material and in particular of a dental filling material are its 
X-ray opacity and its adhesion to enamel and to dentine, where the adhesive force to enamel and to dentine should 

IS be larger than the shrinkage forces. With the conventional dental materials, the X-ray opacity is set by the type and 
amount of the fillers and it is usually achieved by addition of Ba, Sr. Tl or Zr components. With the conventional dental 
materials, the adhesive force to dentine is inadequate even when using dentine adhesives. 

[0028] The object of the present invention was therefore to make available a resinous dental composition which is 
self-curing, thermally or photochemicaily curable, which is simple to process, which on curing undergoes no shrinkage 
20 in volume or only a slight shrinkage In volume and which after curing even without addition of fillers should have the 
following properties: 

a high resistance to abrasion, 
a high dimensional stability, 
25 ' a low thermal expansbn coefficient, 
a high radioopacity, 

a large adhesion force to enamel and dentine and 
a good polishing ability 

30 [0029] These resinous dental compositbns should either be employable as such as dental materials, or they should 
be able to be processed to give the dental materials mentioned at the beginning, with the addition of further components, < 
such as, for example, of further resinous compositions, or of fillers, pigments, Initiators, stabilisers, plasticlsers or impact i 
strength enhancers. In addition, the resinous dental compositions should be employable as or in mono- or multicom- 
ponent systems. 

35 [0030] This object is achieved by resinous dental compositions based on polymerisable polysiloxanes, which are 
self-curing, photochemicaily or thermally curable in the presence of one or more initiators, and which are obtainable 
by hydrolytic condensation of one or more hydrolytically condensable compounds of silicon and if desired other ele- 
ments of the group comprising B. Ba, Ti, Zr, Al. Sn, the transition metals, the lanthanides and the actinldes, and/or 
precondensates derived from the abovementioned compounds, if appropriate in the presence of a catalyst and/or of 

40 a solvent, by the action of water or moisture, 1 to 1 00 mol%, preferably 5 to 1 00 mol%, based on monomeric compounds, 
of silanes of the general formula (I) 



45 



Y„ Si X, R4.(„,„j (I) 



in which the radicals X, Y and R are identical or different and have the following meaning: 



R = alkyi, alkenyl, aryl, alkylaryl or arylalkyi, 

X = hydrogen, halogen, hydroxyl, alkoxy, acyloxy, alkylcarbonyl, alkoxycarbonyl or NR'2, 
50 where R' = hydrogen, alkyI or aryl, 

Y = a substituent which contains a substituted or unsubstituted 1 . 4, 6-trioxaspiro[4.4]nonane radical, 

n = 1 . 2 or 3, 

m = 1 .2 or 3, where n+m S 4, 
55 and/or of silanes of the general formula (II) 



4 



EPQ006 43752 [ hUp:y/ww\v.getthepatent.com/LoQin.dOQ/$folev/Fetch/EP0Q0643752xpc?frQmCache=1part=m 



Page 5 of 41 



EP 0 643 752 B1 

{X„R,SiIR'(A),U.j„,,j}x^ (II) 
in which the radicals A, R. R^ and X are identical or different and have the following meaning: 

5 

A = O, S, PR*. POR'. NHC(0)0 or NHC{0)ONR'. 
where R' = hydrogen, alkyi or aryl, 

B = a straight-chain or branched organic radical which is derived from a compound B' having at least two C=C 
double bonds and 5 to 50 carbon atoms, where R' = hydrogen, alkyI or aryl, 
10 R = alkyI, alkenyl, aryl, alkylaryl or arylalkyi, 
R2 = alkylene, arylene or alkylenearylene, 

X = hydrogen, halogen, hydroxyl, alkoxy, acyloxy, alkylcarbonyl, alkoxycarbonyl or NR'2, 
where R' = hydrogen, alkyI or aryl, 
n = 1 . 2 or 3, 
IS k = 0, 1 or 2. 
I = 0or1, 

x = an integer whose maximum value corresponds to the number of double bonds in the compound B' minus 1, 
or is equal to the number of double bonds in the compound B' when I = 1 and A represents NHC(0)0 or NHC(O) 
NR', B having two or more acrylate or methacrylate groups. 

20 

[0031] Surprisingly, it has now been found that the resinous dental compositions according to the invention form 
polymers after curing thereof and even without addition of fillers, which have excellent resistances to abrasion and 
dimensional stabilities, which have low thermal expansion coefficients and high radioopaclties, and which exhibit a 
very large adhesive force to enamel and dentine and very good polishing abilities. In addition, it has surprisingly been 
2S found that the resinous dental compositions according to the tnventbn, depending on the silanes employed, undergo 
only a very low, no or even a negative shrinkage in volume on curing. 

[0032] These properties, which are so Important for dental materials, can be still further improved by addition of 

customary fillers, so that with the aid of the resinous dental compositions according to the invention dental materials 
can be prepared which with respect to the abovementioned properties represent a very considerable improvement in 
30 the prior art. 

[0033] The silanes of the general formulae (I) and (II) are hydrolysable and polymerisable, the radicals X being 
hydrolysable and the radicals B and Y being polymerisable and In each case at least one radical B, X and Y having 
the abovementioned meaning being present in the silanes of the general formulae (1) and (II). 
[0034] The alkyI radicals are, for example, straight-chain, branched or cyclic radicals having 1 to 20, preferably having 
3S 1 to 1 0, cartDon atoms, and particularly preferably are lower alkyI radicals having 1 to 6 carbon atoms. Specific examples 
are methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, t-butyl. i-butyl, n-pentyl. n-hexyl, cyclohexyl, 2-ethylhexyl, dodecyl 
and octadecyl. 

[0035] The alkenyl radteals are, for example, straight-chain, branched or cyclic radicals having 2 to 20, preferably 
having 2 to 10, carbon atoms, and particularly preferably are lower alkenyl radicals having 2 to 6 carbon atoms, such 

40 as, for example, vinyl, allyl or 2-butenyl. 

[0036] Preferred aryl radicals are phenyl, btphenyl and naphthyl. The alkoxy, acyloxy, alkylcarbonyl, alkoxycarbonyl 
and amino radicals are preferably derived from the abovementioned alkyl and aryl radicals. Specific examples are 
methoxy, ethoxy, n- and i-propoxy, n-, i-, s- and t-butoxy, methylamino, ethylamino, dimethylamino, diethylamino, N- 
ethylanilino, acetoxy, propionyloxy, methylcarbonyl, ethylcarbonyl, methoxycarbonyl, ethoxycarbonyl, benzyl, 2-phe- 

45 nylethyl and tolyl. 

[0037] The said radicals can optionally carry one or more substituents, for example halogen, alkyl. hydroxyalkyi, 
alkoxy, aryl, aryloxy, alkylcarbonyl, alkoxycarbonyl. furfuryl. tetrahydrofurfuryl, amino, alkylamino, dialkylamino, trialky- 
lammonlum, amido, hydroxyl. formyl, carboxyl, mercapto, cyano, isocyanato. nitro, epoxy. SO3H and PO4H2. 
[0038] Among the halogens, fluorine, chlorine and bromine are preferred. 
so [0039] The substituted or unsubstituted 1 .4,6-tri-oxaspiro[4.4]nonane groups are bonded to the SI atom via alkylene 
or via alkenylene radicals, which can be interrupted by ether or ester groups. Specific examples and preferred embod- 
iments of the radicals Y are 

55 
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0 0—^ CH^ -O- ( CHj ) 3 - 





(CHj)^- , ^^O. 

2'2 





Y5 




0 O— and L— 0^0 




20 



CH(CH-)-CH.-, 

where the ring system, which is derived from Y-butyrolactone. can also be substituted as shown in Claim 2. The sub- 
stituents can be hydrogen, halogen or hydroxyl. alkyi, alkenyl, aryl, alkylaryl, arylalkyi, alkylcarbonyl or alkoxycarbonyl 
groups. Actual examples of these are 



25 



30 



H3C 0-C (O) -0(^3 ) -CHj H3C 0-C (O) -C (CH3 ) -CH^ 



CH2-0-(CH2)3 



35 



H3C 0-C(0)-C(CH3)«CH2 H3C 0-C(O)-C(CH3)«CH2 




40 

Actual examples of silanes of the formula (I) are: 

45 

,0 p CHj -O- ( CHj ) 3 -S i ( CH3 ) 2 { OC^Hg ) 




so 




CHj -O- ( ) 3 -S i (CH3 ) 2 ( OCjHg ) 
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^—^''^(CHj ) (CH3 ) 2 (OCjHg) 






o o 




(CHj) 2-51(013) 2 (OC^Hg) 



|— CH ( CH3 ) -CH2 -S i ( CH3 ) 2 ( OCjHg ) 



™3 



O O 




CHCCWj) -CHj-SiCCHj ) 2 (OCjHg) 



O pCHj-O- (012)3-31(013) (OCjHj)^ 

0' 0 ' 






^ . or o— ^ai2-0-( 012)3-5 KCHj) (OCjHg) 2 



l''^(CH2)2-Si(CH3) (OC2H5)2 

O 
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O" o 





(012)2-31(013) (OC2H5)2 
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CH(CH3)-CH2-Si(CH3) (OCjHg)^ 
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0 0 




-J- CHj -O- ( CHj ) 3 -S i { CH3 ) ( OC ( CHj ) -CH^ ) 
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0 

0^0 





CHj -O- ( CHj ) 3 -S i ( CH3 ) ( OC ( CH3 ) -CHj ) 2 



20 




0 0 



°|^^^-<<="2^2-Si(CH3) (OC(CH3)-CH2)2 
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(CH^ij-SiCCHj) (0C(CH3)-C:H2) 



Qv^^-q^- CH(CH3)-CH2-Si(CH3) (0C(CH3 ) -CH^ ) 



CH. 



CH. 




o o 




H(CH3)-CH2-Si(CH3) (00(^3) ^CH,) 



2' 2 
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CH2-0-(CH2) 3-Si(OC2H5) 3 
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(C»2)2-Si(OC2H5)3 
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(CH2)2-Si(OC2H5)3 
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[— CH ( CHj ) -CH J -S i ( OCjHg ) 3 



CH. 



20 



25 
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CH ( CH3 ) -CHj -S i ( OCjHg ) 3 
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H3C O-CCO-CCCHjj-CHj 



H3C 



/ O— pCH2-0-(CH2)3-Si(OC2H5)3 
■ 0 0 ' 



35 



H3C 0-C(0)-C(CH3)»CH2 



H3C 



/ 



o o 




CHj -O- ( CH J ) 3 -S i (OCjHj ) 3 



40 
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H3C 0-C(0)-C(CH3)»CH, 
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H3C 0-C(0)-C(CH3)-CHj 
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(CH2)2-Si(OC2H5)3 
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H3C 



H3C 0-C (O) -C ( CH3 ) -CHj 

O pCH2-0-(CH2)3-Si(CH3) (OC (CH^) oCH^) j 

0^0 — I 




10 



IS 



20 



30 



3S 



45 



SO 
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H3C 0-C(0)-C(CH3)»CH2 

I O — L- CHj -O- ( CHj ) 3 -S i ( CH3 ) ( OC ( CH3 ) =CH2 ) 2 



H3C 0-C(0)-C(CH3)-CH2 
HjC^j^^^l^O ^/-v^(CH2)2-Si(CH3) {OC (CH^) ^CH^) ^ 




H3C 0-C (O) -C ( CH3 ) "CHj 




0— *-N^(CH2)2-Si(CH3) (OCCCHj) -CHj) j 



H3C O-C(0)-C(CH3)=CH2 



H3C 



-C^— r-CH2-0-(CH2) j-SKCHj) (OC^Kj)^ 



O 0 



H3C P-C(0)-C(CH3)=CH2 



fo HjC~i—L O 





CH2-0-(CH2)3-Si(CH3) (OC2H5)2 



H3C 0-C(0)-C{CH3)»CH2 
H3C 1^0—^ (CH2) 2-Si (CH3 ) (OCjHj) 2 




O "0 




H3C O-CCO-CCCHjj-CHj 




( 012)2-31(013) (OC2H5)2 
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H3C 0-C(0)-C(CH3)-CH2 

-/ O— pCH^-O-CCHj) 3-Si(CM3) ^ (OC^Hj) 



O 




10 



IS 



H3C 



H3C 0-C(0)-C(CH3)-CH_ 

— O O— ^CH2-0-(CHj)3-Si(CH3)2(OC2H5) 



20 



H3C 0-C(0)-C(CH3)-CH2 
H3C -j^^^^Q" ^^2) t«*3) 2 tOC2«5) 



25 



H3C 



H3C 



/ 



0-C(0)-C(CH3)-CH2 



(CH2)2-Si(CH3)2(OC2H5) 



30 



35 



40 




O — r- CH^-O-CH^-SKOCHj) ^ 




O O 




CHj-O-CHj-SKOCHj) 3 



45 




,-Si(OC2H5)3 



SO 



0 

o 





CHj -O-CHj -S i ( ) 3 



55 



,0 p-CHj-O-CHj-SKCHj) (0013)2 
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' — O O — l-CHj-O-CHj-SKCHj) (OCHj) ^ 



( ^ ,0 r-CH,-0-CK,-Si(C.H-) (OCH3), 

L><0-J 2 2.5 



O 

,s ' — O — l-CHj-O-CMj-SKCjHg) (OCH3) ^ 





pCHj-O-CHj-SKC^Hg) (0013)2 



2S O— n 



0'^ 0 l-CHj-O-CHj-SKCgHg) (OCHj)^ 



O pCHj-O-CHj-SKCjHj) (OCH3)2 

O ^0 



CZo^O^^l-CHj-O-CHj-SKCjHj) (0013)2 



ps^O— J- CHj -O-CHj-Si (CH3 ) 2 (OCH3 ) 
I — 0 0 ' 




55 "^N^® 

0^0 
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O ^0 



CH2-0-(CH2)2-Si(OCHj) 



10 



(I><oir^2"°"*'^2)2-Si<OC2H3)3 



IS 




O O 




CHj-0.(CH2)2-Sl(OC2H5)3 



20 



J<=H2 <?H2 ) 4 -Si (OCH3 ) 3 



25 



30 



35 



40 



45 



SO 



O 

0"0 





CH2-0-(CH2)^-Si(OCH ) 



3' 3 



o 

o o 





CH2-0-(CH2)^-Sl(OC2H5) 



[0040] In preferred silanes of the general formula (II). X, R, R^, A, n, k, I and x are defined as fellows: 

X = (Ci-C4)-alkoxy, preferably melhoxy and ethoxy, or halogen, preferably chlorine; 

R = (Ci-C4)-alkyl, preferably methyl and ethyl; 

R2 = (C^-C4) -alky lane, preferably methylene and propylene; 

A = O, S or NHC(0)0, preferably S; 

n = 1 . 2 or 3 

1 = 0 on, preferably 1; 

4-(n+k) = 0 for I = 0 and 1 for I = 1. 



[0041] In the silanes of the general formula (II), it is particularly preferred if the structural unit having the index x is 
selected from triethoxysilyl, methyl-diethoxysilyl, methyldichlorosilyl. 3-methyldimethoxy-silylpropylthio. 3-triethoxysi- 
lylpropylthio. ethoxydimethylsltylmethylthio and methyldiethoxysifylmethylthio. 
ss [0042] The radical B in the general formula (II) is derived from a substituted or unsubstituted compound B' having 
acrylic and/or methacry lie groups, and 5 to 50, preferably 6 to 30. carbon atoms. Compounds of this type are designated 
in the following as (meth)acrylates. If the compound B' is substituted, the substituenls can be selected from among 
the abovementioned substituenls. Compounds B' having two C=C double bonds are employed for the preparation of 
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nnono(meth)acryloxysjlanes of the formula (II) and, tor the preparation of poly(meth)acryloxysilanes of the formula (II), 
those having at least three C=C double bonds are employed. Specific examples of compounds of this type are the 
following (meth)acryiates: 



H3C O O CH3 
I |l II I 
CH=C-C-0-C-C=CH 



H3C O 
II 



CH 



=(!:-c-o- 



O CH3 

II I 



(CH2)4-0-C-C=CH2 



IS 



H3C 0 

II 

CH2=C-C-0-CH2 -CH=CH2 



H3C 0 O CH3 

I II II I 

CH2=C-C-0-(CH2) 4-0-C-C=CH2 



20 



I? (I I 

CH2=C-C-0-CH2-CH2-0-C-C=CH2 



O CH3 

ll I ^ 



CH2=C-C-0-(CH2)4-0-C-C=CH2 



25 



30 



H3C O 
-^1 II 



O CH3 

II I 



CH2=C-C(-0-CH2-CH2) 2"0"C-C=CH2 



II 



CH3 

I 



O CH3 
II I 



CH2=C-C-0-CH2-C-CH2-0-C-C=CH2 



I 



CH3 



35 



40 



O CH3 

I II I ^ 

CH2==C-C ( -0-CH2 -CH2 ) 2 -0-C-C5=CH2 



H3C 0 

-^1 II 



o 

1 



CH2=C-C-0-CH2 -CH2 

CH2'=C-C-0-CH2-CH2-0-C-NH 
H3C & O 



ss 
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H3C O O CH3 

CH2=C-C { -O-CH2 -CH2 ) 2 -0-C-C=CH2 



H3C O 

CH2=C-C(-0-CH2-CH2)2 



O CH3 

-o-c-c= 



CH2 



H3C o 

•^l II 



0 CH3 
0-C-C=CH2 



CH2=C-C-CH2 -C-CH2 -CH3 

CH2 

0-C-C=CH2 
I I 

C CH2 



15 



20 



H3C 0 CH3 0 CH3 

•^1 II I n I 

CH2«C-C-0-CH-CH2-CH2-0-C-C=CH2 



25 



HO OH 
I II II I 

CH2=C-C-NH-CH3-CH2-NH-C-C-CH2 



H3C O O CH3 

•^1 II II ' 

CH2=C-C-NH-CH2 -NH-C-C-CH2 



30 



HO OH 
CH2-C-C-O-C-C-CH2 



H O 



O H 
II I 



CH2-C-<!:-0-(CH2) 2-O-C-C-CH2 



35 



40 



H O 
I I 

CH2-C-C-0-CH2-CH=CH2 



H O 
I I 



CH3 



0 H 
II I 



CH2=C-C-0-CH2-C-CH2-0-C-C-CH2 

CH3 



45 



O H 
I 



HO O^H HO CH3 

CH2-C-^-0-CH2-CH2-0-C-C=CH2 CH2=C-C-0-@ -C-(o)-0-C-C-CH2 

CH3 



50 



HO 0^)\ 
CH2=C-C(-0-CH2-CH2) 2-0-C"C-CH2 



55 



IS 
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10 



HO OH 

I tl 0 * 

CH2«C-C(-0-CH2-CH2)2-<^"C-C-CH2 



H O 



0 



CH2«t-C-0-CH2-CH2-0-C-NH 

C9H10 

CH5=C-C-0-CH2-CH2-0-C-NH 
HO O 



IS 



20 



H 0 



O H 
11 I 



CH2=C-1!: ( -O-CH2-CH2 ) 2-O-C-C-CH2 



H O 

I a 



O H 

il I 



CH2=C-C ( -O-CH2 -CH2 ) n-0-C-C-CH2 



n=9 



0 H 
n I 

0-C-C«CH2 

H 0 CH2 

in ' 
CH2=C-C-CH2-C-CH2-CH2 

CH2 

0-C-C=CH2 

1 I 
O H 



25 



30 



H 0 



CH3 



O H 



CH2-C-C-0-CH-CH2-CH2-0-C-C=CH2 



H3C 0 \ CH3 ^ O CH3 

CH2=c-c-o-<oV(^-o-/^^ 



35 



HO OH 
I 4 II I 

CH2=C-C-0-(CH2) 4-0-C-C=CH2 



»3f I? \. 



CH3 



I II V— \ I 
CH2=C-C-0-( O 7-C-O 

r, CH3 



Br 

O ^H3 
:=CH2 



-(o^-c-c= 



40 



45 



H O 



0 H 



cH2=t-c-o- (CH2 ) 4-o-ib-i:=CH2 



so 



H3C O 
^ I II 



O 
I 



O 



CH2=C-C-0-CH2-CH2-0-C-CH=CH-C-CH 



55 
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H3C O 0 
CH2-C-C-0-CH2-CH2-0-C^ 

HO-C- 




0 

C-OH 

O O CH3 



10 



IS 



20 



H3C O 

I II 

CH2-C-C-NH-CH2 -CH=CH2 



«3<r ? I? 

CH2=C-C-NH-(CH2) 6-NH-C-C-CH2 



25 



H3C-CH-CH3 

H3C O CH2 O CH3 
CH2=C-C-NH-CH-HN-C-C=CH2 



30 



35 



0 CH3 
II I 

NH-C-C=CH2 

H3C O CH{-CH2)3-CH 0 CH3 
I II I II I 



H3C 0 
CK2=C-C-NH 



CH2=C-C-NH 



NH-C-C=CH2 



40 



45 



HO OH 
CH2=C-c!-0-CH2-<!^H- 



CH2-O- 




CH3 
C 

2^H3 



so 



HO O 9 

CHp =C-ci-0-CH2 -CH2 -0-C-CH-CH-C-OH 



55 



HO OH 

CH2=<b-c-0(-CH2) i2-o-c-c!:=cH: 
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H3C 000 CHt 
^ ' II II II I 

CH2=C-C-O(-R-O-C-0) n-R-0-C-C=CH2 



H3C 0 



CH2 



CH2-CH2-O- 




CH3 

c 

I 

2CH3 



20 



H3C O 



CH2 =C-C-0-CH2 -CH-CH2 -O- 



OH 




CH3 

C 

2CH3 



25 



30 



H3C 0 0 CH3 

CH2=C-C-0-CH2-CH2-S-CH2-CH2-0-C-C=CH2 



35 



H3C O 0 CH3 

I H ii I 

CH2-C-C ( -O-CH2 -CH2 ) n-0-C-C=CH2 

n=14 



40 



45 



HiC O 
I II 



0 CH3 



CH2=C-C ( -O-CH2-CH2 ) n-0-C-C«CH2 



n-23 



so 



H3C O 
^1 M 
CH2=C-C( 



II I 

O-CK2-CH) n-0-C-C=CH2 



55 



n-7 
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10 



H3C O O CH3 

CH2-C-C ( -0-CH2 -CH2 -CH2 -CH2 ) n-0-C-C=CH2 



IS 



nz4 0 



20 



H3C 0 
I II 

CH2=C-C-0-CH2 



-Co- 



0 CH3 



II i 



CH2-0-C-C=CH2 



25 



H3C O OH O CH3 

I II I II I 

CH2=C-C-0-CH2-CH-CH2-0-C-C=CH2 



30 



[0043] Preferred acrylates are, for example, the acrylic acid esters of trimethylolpropane. pentaerythritol and dipen- 
taerythritol. Actual examples of these are trimethylolpropane triacrylate (TMPTA), pentaerythritol triacrylate (PETA), 
35 pentaerythritol tetraacrylate and dipentaerythritoi pentaacrylate. 

[0044] Further examples of preferred (meth)acrylates are those of the formula 

O O 

40 CH2=CE-i!:-0- ( D) -0-ci-CE=CH2 



in which E represents H or CHS and D is an organic group, such as is present, for example, in the abovementioned 
specific compounds and/or compounds described in the folbwing examples. 
45 [0045] Thus, D can be derived, for example, from C2-C6-aIkanediols (for example ethylene glycol, propylene glycol, 
butylene glycol, 1,6-hexanediol), from polyethylene glycols or from polypropylene glycols (for example those of the 
formula H0-(CH2-CHR*-0)|H. in which R* Is H or CH3 and I = 2 - 10). 

[0046] The sitanes of the general formula (I) are prepared, for example, by reactbn of silanes of the general formula 
(IV) 

so 

Y'„ Si X„ R,.,„,„) (IV) 

with substituted or unsubstituted y-butyrolactones in the presence of a Lewis acid and if appropriate in an inert, anhy- 
55 drous solvent, the y-butyrolactone being added in excess. The radicals X. Y' and R in the general formula (IV) are 
Identical or different, X, R, n and m have the same meaning as in the silanes of the general formula (I), and Y' Is a 
radical which represents a substituted oxirane ring. That stated above for the silanes of the general formula (I) applies 
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to the possible embodiments of the radicals X and R. 

[0047] Specific examples of silanes of the general formula (IV) are: glycidoxymethyltrimethoxysilane. glycidoxymeth- 
yltrlethoxysilane. 2-glycidoxyethyltrimethoxysllane, 2-glycidoxyethylthethoxysllane. 3-gtycidoxypropyltrimethoxysi- 
lane, d-glycidoxy-propyltriethoxysilane, 3-glycidoxypropyl-tri(methoxyethoxy)sllane, 3glyctdoxypropyttriacetoxy-si- 

5 lane, 4-glyci-doxybutyltrimethoxysllane, 4-glycidoxy-buty(trleth-oxysilane, glycldoxymethyl(methyl) -dimethoxysilane, 
glycidoxymethy!(ethyl) dimethoxysilane, glycidoxymethyl (phenyl)dimethoxysilane, glycidoxy-methyl (vinyl) -di-meth- 
oxysilane, glycidoxymethyl(dimethyl) -methoxy-silane, 2-glycidoxyethyl(methyl) dimethoxysilane. 2-gly-cidoxyethyl 
(ethyl)dimethoxysilane, 2-glycidoxyethyl-(dimethyl)methoxysilane, 3glycjdoxypropyl(methyl) -di-methoxysilane. 3-gly- 
cidoxypropyl(ethyl)dimethoxysilane, 3-glycidoxy-propyl (dimethyl) methoxysilane, 4-glycldoxy-butyl (methyl)-dimeth- 

10 oxysilane, 4-gfycidoxybutyl(ethyl) -dimethoxysilane, 4-glycidoxy-butyl- (dimethyl) -methoxysilane. bis(glycidoxyme- 
thyl)-dimethoxysilane. bls(glycidoxymethyI)diethoxysilane, bis(glycidoxy-ethyl)dimethoxy-silane, bls(glycidoxy-ethyl) 
-diethoxysilane, bis(glycidoxy-propyl)dimethoxysilane, bls(glycidoxypropyl)-diethoxysilane. tris -(glycidoxymethyl) 
methoxysilane, trls(glycidoxymethyl)-ethoxysilane, tris(glycidoxy-ethyl)methoxysi!ane. tris-(glycidoxyethyl)ethoxysi- 
lane. tris(glycldoxypropyl)-methoxysilane, tris(glycidoxy-propyl)ethoxysilane. glycidylmethyltrimethoxysilane. glycidyl- 

is methyl-triethoxysilane. 2-glycidylethyltrimethoxy-silane, 2-gIycldylethyltriethoxysilane, 3-glycidylpropyl-tri-methoxy-si- 
lane, 3-glycidylpropyltrlethoxysilane, 3-glycidyl-propyltri-(methoxyethoxy)silane, 3-glycidyl-propyttri-acetoxysilane, 
3,4-epoxycyclohexylmethyl-tri-methoxysilane. 3.4-epoxycyclohexylmethyltriethoxy-silane, 3,4-epoxycyclohexylethylt- 
rimethoxysilane, 3,4-epoxycyclohexylpropyltrimethoxysilane and 3, 4-epoxy-cyclohexy I buty It ri methoxysilane. 
[0048] Silanes of the general formula (IV) are commercially available, thus, for example, 3-glycidoxypropyldimeth- 

20 yiethoxysilane, (3-glycidoxypropyl) -methyldiethoxysllane, 3-glycidoxypropyl-methyldiisopropenoxy-silane. (3-glyci- 
doxypropyl) -trimethoxysilane. 2-(3.4-epoxycyclohexyl)-ethyltrimethoxysilane or [2-(3,4-epoxy-4-methylcyclohexyl) 
propyl]methyldiethoxy-sHane at ABCR GmbH & Co.KG (Karlsruhe). 

[0049] All these silanes can be converted with ybulyrolactones into the corresponding spirosilanes of the general 
formula (I). 

2S [0050] Suitable Y-butyrolactones for preparation of the spirosilanes of the general formula (I) are unsubstituted y- 
butyrolactone, and also T^butyrolactones substituted by hydroxyl, alkyl. alkenyl, aryl. alkylaryl. arylalkyi, alkylcarbonyl 
or alkoxycarbonyl groups. 

[0051] The alkyl radicals are, for example, straight-chain, branched or cyclic radicals having 1 to 10 C atoms, and 
particularly preferably are lower alkyl radicals having 1 to 6 C atoms. Specific examples are methyl, ethyl, n-propyl, i- 
30 propyl, n-butyl, s-butyl, t-butyl, i-butyl, n-pentyl and n-hexyl. 

[0052] The alkenyl radicals are, for example, straight-chain, branched or cyclic radicals having 2 to 1 0 carbon atoms, 
and particularly preferably are lower alkenyl radicals having 2 to 6 carbon atoms, such as, for example, vinyl, allyl or 
2-butenyl. 

[0053] Specific examples and preferred embodiments of Lewis acids are BF3 Et20, AICI3 or SnCl4. 
35 [0054] The silanes of the general formula (IV) are reacted with the y-butyrolactones to give the spirosilanes of the 
general formula (I) with exclusion of water, if appropriate in an inert solvent. For purification of the spirosilanes known 
techniques, such as. for example, high vacuum distillation, are used. 

[0055] The preparation of the spirosilanes of the general formula (I) is schematically represented as exemplified by 
the reaction of y-butyrolactone with (3-glycidoxypropyl)trimethoxysilane In the presence of BF3-Et20. 



40 



4S 



so 



0^0 * o\^H2-0-(CK2)3-Si(OCK3) 3 



O— I CH2-O-(CH2)3-Si(0CH3)3 ^ 

O' 



[0056] It is also possible additionally to modify the spirosilanes obtained according to the above reaction by known 
methods and to introduce other substituents. for example in the ring system which is derived from y-butyrolactone. 
Thus, for example, Journal f.prakt.Chemie, Vol.330. No. 2, 1988. pp. 316 - 318 describes how methacrylic groups can 
be introduced into spirocyclic orthoesters in this ring system. 
ss [0057] The silanes according to the general formula (It) can be prepared, for example, by 

a) subjecting a silane of the general formula (V) 
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X„R,^SiR^Z (V) 

in which X, R, R2. n and k have the abovemenlioned meaning, (n+k) = 3 and 2 denotes the group SH, PR'H or 
POR'H, to an addition reaction with a compound B' having at least two acrylate or methacrylate groups ; or 

b) subjecting a sitane ot the general formula (Vi) 

X^R^SiR^NCO (VI) 
in which X, R. R^, n and k have the abovementioned meaning and (n+k) = 3, 

to a condensation reaction with a hydroxyl- or amino - substituted compound B' having at least two acrylate or 
methacrylate groups ; or 

c) subjecting a silane ot the general formula (Vil) 

X^R,^SiH (VII) 

in which X. R, R^ n and k have the abovementioned meaning and (n+k) = 3, 

to a hydros! lylation reaction with a compound B' having at least two acrylate or methacrylate groups. 

[0058] The silanes of the general formulae (V) to (VII) are either commercially available or can be prepared by known 
methods; cf. W. Noll, 'Chemie und Technologie der Silicone" (Chemistry and Technology of Silicones). Verlag Chemie 
GmbH, Weinhelm/Bergstrasse (1968). In addition, reference is made to German Patent Application P 40 11 044.3. 
[0059] The spirosllanes of the general formula (I) are stable compounds which are hydrolysable and condensable 
in basic medium without the spiro complex being prematurely opened. In addition, reference is made to German Patent 
Application P 41 25 201. 

[0060] The silanes of the general formulae (I) and/or (II) are processed either on their own or together with other 
hydrolytically condensable and optionally polymerisable components by means of hydrotytrc condensation to give the 

resinous dental compositions according to the invention, whose final curing is then carried out by polymerisation of the 
polymerisable groups, in the case of the spirosilanes of the general formula (I) this polymerisation proceeding via ring 
opening of the 1 ,4.6-trioxaspiro[4.4]nonane groups and in the case of the silanes of the general formula (H) via linkage 
of the C=C double bonds of the radicals B. 

[0061] The silanes of the general formulae (I) and (II) contain hydrolysable groups X, for example alkoxy groups, by 
means of which an Inorganic network (Si-O-Si units) is constructed during the hydrolytic condensation, while the spiro 
groups contained in the radical Y or C=G double bonds contained in the radical B form an organic network during the 
polymerisation. The cured resinous dental compositions thus form an inorganic/organic matrix in which, when required, 
other components, such as, for example, fillers or pigments, can be incorporated. 

[0062] For the construction of the inorganic network or for the preparation of the resinous dental compositions ac- 
cording to the invention, the spirosilanes of the general formula (I) and/or the silanes of the general formula (II) are 
hydrolysed and polycondensed by the action of water or moisture, if appropriate with the addition of other co-conden- 
sable components and if appropriate in the presence of a catalyst and/or of a solvent. This polycondensatlon is pref- 
erably carried out by the sol-gel process, as is described, for example, in DE-A1 2,758.414, 2.758,415, 3,011,761, 
3,826.715 and 3.835.968, and takes place in the presence of spiro compounds (silanes of the general formula (I), 
copolymerisable spiro-orthoesters, spiro-orthocarbonates, bicyclk; spiro-orthoesters or methacrytayl splro-orthoe- 
sters), preferably In basic medium, othenwise it can also be carried out in acidic medium. 

[0063] For the construction of the organic network or for the curing of the dental materials, the resinous dental com- 
positbn according to the invention, i.e. the polycondensate of the silanes of the general formulae (I) and/or (II) and if 
desired of further potycondensable components, is polymerised, if appropriate after addition of other copolymerisable 
components and/or after addition of fillers and/or of other additives, if appropriate in the presence of one or more 
initiators. The polymerisation can be carried out, for example, thermally or photochemically using custonrery methods. 
[0064] The inorganic network is responsible for the fact that the cured resinous dental composition, entirety without 
the addition of fillers, already has an excellent resistance to abrasion, dimensional stability, polishing ability and adhe- 
sive force and a low thermal expansion coefficient, and the construction of the organic network causes the low or even 
negative shrinkage in volume. Owing to the number of spiro groups in the resinous dental composition according to 
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the invention, i.e. owing to the type and/or owing to the amount of spirosilanes of the general formula (I) employed, 
the change In volume during the curing can be suited to the requirements of the particular application case. The higher 
the number of spire groups, the tower the shrinkage in volume. In fact it is even possible to influence the change in 
volume during the curing such that an increase in volume results. 

5 [0065] The resinous dental compositions according to the invention comprise 1 to 100 mol%, preferably 5 to 100 
mol%, based on monomeric compounds, of silanes of the general formulae (I) and/or (II). Besides these silanes, still 
other hydrolytically condensable compounds of silicon, boron, barium, aluminium, titanium, zirconium, tin, the transition 
metals, the lanthanides or actinides can be employed for the preparation of the resinous dental composition according 
to the invention. These compounds can either be used as such or even in precondensed form. It is preferred if at least 

10 10 mol%, in particular at least 80 nrK>l% and specifically at least 90 mol%, based on monomeric compounds, of the 
starting materials used for preparation of the resinous dental compositions according to the Invention are silicon com- 
pounds. 

[0066] It is also preferred if the resinous dental compositions according to the invention are based on at least 5 mol%. 
for example 25 to 100 mol%. in particular 50 to 100 rno\% and specifically 75 to 100 mol%, in each case based on 
IS monomeric compounds, of one or more of the silanes of the general formulae (I) and/or (II). 

[0067] Among the hydrolytically condensable silicon compounds other than silanes of the general formulae (I) and 
(II) which can optionally be employed, those of the general formula (III) 

20 Ra(R"Z')bSiX4.^a.b) 

are particularly preferred in which the radicals R.R", X and Z' are identical or different and have the following meaning: 
R = alkyi, alkenyl, aryt, alkylaryl or arytalkyi, 

R" = alkylene or alkenylene. where these radicals can be interrupted by oxygen or sulphur atoms or NH groups, 
X = hydrogen, halogen, hydroxyl, alkoxy. acyloxy. alkylcartDonyl. alkoxycarbonyl or NR'2, 

where R' = hydrogen, alkyI or aryl, 

Z' = halogen or an optionally substituted amino, amide, aldehyde, alkylcarbonyl, carboxyl, mercapto, cyano, alkoxy 
alkoxycarbonyl. sulphonic acid, phosphoric acid, acryloxy, methacryloxy, epoxy or vinyl group, 
30 a = 0. 1.2or3. 

b = 0, 1, 2 or 3. where a+b = 1, 2 or 3. 

[0068] Such silanes are described, for example, in DE 3,407,087 C2. 

[0069] The alkyI radicals are, for example, straight-chain, branched or cyclic radicals having 1 to 20. preferably having 
^ 1 to 1 0, cartoon atoms, and particularly preferably are lower alky! radicals having 1 to 6 carbon atoms. Specific examples 
are methyl, ethyl, n-propyl, i-propyl, n-butyl, s-butyl, t-butyl, i-butyl, n-pentyl, n-hexyl, cyclohexyl, 2-ethylhexyl, dodecyl 
and octadecyl. 

[0070] The alkenyl radicals are, for example, straight-chain, branched or cyclic radicals having 2 to 20, preferably 
having 2 to 10, carbon atoms, and particularly preferably are lower alkenyl radicals having 2 to 6 carbon atoms, such 
as, for example, vinyl, allyl or 2-butenyl. 

[0071] Preferred aryl radk^als are phenyl, biphenyl and naphthyl. 

[0072] The alkoxy. acyloxy. alkylcarbonyl, alkoxycarbonyl and amino radicals are preferably derived from the above- 
mentioned alkyI and aryl radicals. Specific examples are methoxy, ethoxy, n- and i-propoxy, n-. i-. s- and t-butoxy, 
methylamino. ethylamino, dimethylamino, diethylamino. N-ethylanilino. acetoxy, propionyloxy, methylcarbonyl, ethyl- 

^ carbonyl, methoxycarbonyl, elhoxycarbonyl, benzyl, 2-phenylethyl and tolyl. 

[0073] The said radicals can optionally carry one or more substituents, for example halogen. alkyI, hydroxyalkyi, 
alkoxy, aryl. aryloxy, alkylcariaonyl. alkoxycariDonyl. furfuryl, tetrahydrofurfuryl, amino, alkylamino. dialkylamino. trialky- 
lammonlum, amido, hydroxyl, formyl, carboxyl, mercapto, cyano. nitro, epoxy, SO^H and PO4H2. 
[0074] Among the halogens, fluorine, chlorine and bromine are preferred. 

^ [0075] Specific examples of hydrolytically condensable silanes of the general formula (III) are: 

CH3-Si-Cl3, CH3-Si-(OC2H5)3. C2H5-Si-Cl3. C2H5-Si-(OC2H5)3, CH2=CH.Si-(OC2H5)3, CH2=CH-Si-(OC2H40CH3)3. 
(CH3)2-Si-Cl2. CH2=CH-Si-(OOCCH3)3. (CH3)2-Si-(OC2H5)2. (C2H5)3-Si-CI. (C2H5)2-Si-(OC2H5)2. (CH3)2(CH2=CH)- 
Si-Clg. (CH3)3-Si-CI. (t-C4H9) (CHaja-Si-CI. (CH30)3-Si-C3H6-NH-C2H4-NH.C2H4-NH2. (CH30)3-Si-C3H6-SH. 
(CH30)3-SI-C3H6-NH-C2H4-NH2. (CH30)3-Si-C3H6-CI. (CH30)3-Si-C3He-0-C(0)-C(CH3)=CH2. (CH3)2(CH2=CH- 

55 CH2)-Si-Cl, (C2H50)3-Si-C3H6-NH2. CH2=C(CH3) C(0)-0-(CH2)3-Si(OCH3)3. (C6H5)2Si(OCH3)2. CH2=C(H)-C(0)-0- 
(CH2)3-Si(OCH3)3. (C2H50)3-Si-C3H6-CN, (CH30)3-Si-C3H6-0-CH2-CH CHg. (CH30)3-Si-(CH2)2 
[0076] Among the hydrolysable aluminium compounds optionally employed, those are particularly preferred which 
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have the general formula (Vill) 



AIR'^g (VIII) 

5 

in which the radicals R°, which can be identical or different, are selected from hatogen, alkoxy, alkoxycarbonyl and 
hydroxyl. With respect to the more detailed (preferred) definitions of these radicals, reference can be made to the 
embodiments in connection with the suitable hydrolysable silicon compounds. The groups just mentioned can also be 
completely or partially replaced by chelate ligands (for example acetylacetone or acetoacetic acid ester, acetic acid). 
[0077] Particularly preferred aluminium compounds are the aluminium alkoxides and halides. In this connection, the 
following may be mentioned as actual examples ; 

AI(OCH3)3. AKOCgHgja. AI(0-n-C3H7)3, AI(0-i-C3H7)3. AI(OC4H9)3. AI(0-i-C4H9)3. AI(0-s-C4H9)3. AICI3. AICI(OH)2. 
[0078] Compounds which are liquid at room temperature such as, tor example, aluminium s-butoxide and aluminium 
i-propoxide, are particularly preferred. 
^5 [0079] Suitable hydrolysable titanium or zirconium compounds which can optionally be employed are those of the 

general formula (tX) 



M XyR^ (IX) 



20 



in which M denotes Ti or Zr, y is an integer from 1 to 4. in particular 2 to 4, z represents 0, 1 , 2 or 3, preferably 0. 1 or 

2, and X and R are defined as in the case of the general formula (I). This also applies to the preferred meanings. 

Particularly preferably, the compounds of the formula (IX) are those in which y is equal to 4. 

[0080] As In the case of the above Al compounds, complexed Ti or Zr compounds can also be employed. Additional 

preferred complexing agents here are acrylic acid and methacrylic acid. 

[0081] Actual examples of Zr and Ti compounds which can be employed are the following: 

TiCl4. Ti(OC2H5)4. Ti(OC3H7)4. Ti(0-i-C3H7)4. Ti(OC4H9) 4. Ti(2-ethylhexoxy)4. ZrC^. Zr(OC2H5)4. Zr(OC3H7)4. Zr(0- 

i-C3H7)4, Zr(OC4H9)4. Zr(2-ethylhexoxy)4, ZrOCIa- 

[0082] Other hydrolysable compounds which can be employed for the preparation of the resinous dental compositions 
^ according to the invention are, for example, boron trihaiides and boric acid esters, such as, for example, BCI3, B(OCH3)3 
and B(OC2H5)3, tin tetrahalides and tin tetraalkoxides, such as, for example, SnCl4 and Sn(OCH3)4 and barium com- 
pounds of the general formula BaR'2. in which R" represents alkoxy or acyloxy. Actual examples are Ba(OCH3)3. Ba 
(OC2H5)3 or Ba(OCOCH3). 

[0083] In this manner, it Is possible to incorporate heavy elements, such as, for example, Zr. Ti or Ba into the resinous 
dental composition according to the invention in such a way that these are uniformly incorporated into the inorganic/ 
organic network after curing. As a result, the X-ray opacity of the resinous dental compositton according to the invention 
is increased compared to the resinous dental compositions according to the prior art, and dental materials based on 
the resinous dental compositions according to the invention are detectable in the X-ray image. This is of particular 
importance, for example in dental fillings. 

[0084] The X-ray opacity of the resinous dental compositions according to the invention can also be increased by 
employing, for example, sllanes of the general formula (II) whose radical B is derived from a bromine-substituted com- 
pound B'. Compounds B' of this type have already been enlarged upon in the description of the silanes of the general 
formula (II). It is also possible to add Br- or I -substituted, copolymerisable acrylates or methacrylates so that as a result 
of curing, i.e. as a result of polymerisation, the halogen is incorporated into the organic network. However, it is also 
possible to add Br- or l-substituted. hydrolysable silanes so that as a result of hydrolytic condensation the halogen is 
incorporated into the inorgank; network. 

[0085] The Increase in the X-ray opacity of the resinous dental composltbns according to the invention compared 
to those of the prior art means a considerable improvement in the prior art, since until now the necessary X-ray opacity 
has been adjusted by the addition of fillers. 
50 [0086] The resinous dental compositions according to the invention can be prepared in the manner customary in the 
field of poly(hetero)condensates. If silicon compounds are virtually exclusively employed, the hydrolytic condensation 
can in most cases be carried out by directly adding the necessary water at room temperature or with slight cooling to 
the silicon compounds to be hydrolysed. whk;h are either present as such or dissolved in a suitable solvent, (preferably 
with stirring and In the presence of a hydrolysis and condensation catalyst) and aftenftrards stirring the resulting mixture 
for some time (one hour to several hours). 

[0087] In the presence of the reactive compounds of Al. Ti or Zr. as a rule stepwise addition of the water is recom- 
mended. Independently of the reactivity of the compounds present, the hydrolysis is as a rule carried out at temperatures 
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between -20 and ISO^'C, preferably between 0 and 30°C or the boiling point ot the solvent optionally ennployed. As 
already indicated, the best manner of adding the water In particular depends on the reactivity of the starting compounds 
employed. Thus, for example, the dissolved starting compounds can be slowly added dropwise to an excess of water 
or water Is added in one portion or In portions to the optionally dissolved starting compounds. It may also be useful not 

s to add the water as such, but to Introduce it Into the reaction system with the aid of water-containing organic or inorganic 
systems. In many cases, the introduction of the amount of water into the reaction mixture with the aid of moisture- 
loaded adsorbents, for example molecular sieves, and water-containing organic solvents, for example 80% strength 
ethanol. has proven particularly suitable. The addition of water, however, can also be carried out by means of a chemical 
reaction In which water is set free during the course of the reaction. Examples of this are esterificatbns. 

10 [0088] If a solvent is used, besides the lower aliphatic alcohols (for example ethanol or i-propanol). ketones, prefer- 
ably lower dialkyt ketones, such as acetone or methyl isobutyl ketone, ethers, preferably lower dialkyi ethers, such as 
diethyl ether or dibutyl ether, THF, amides, esters, in particular ethyl acetate, dimethylformamide, amines, in particular 
triethylamine, and mixtures thereof are also suitable. 

[0089] If spirosilanes of the general formula (i) are employed for the preparation of the resinous dental compositions 
15 according to the invention, the hydrolysis is preferably carried out in a medium which is basic with respect to these 
silanes. This is either produced by means of a basic solvent, such as, for example, triethylamine, or by addition of 
basic hydrolysis and condensation catalysts, such as, for example, NH3, NaOH, KOH and methylimidazole. 
[0090] The starting compounds do not necessarily already all have to be present at the start of the hydrolysis (poly- 
condensation), but in certain cases it can even prove advantageous if only a part of these compounds is first brought 
20 into contact with water and the remaining compounds are added later. 

[0091] In order to avoid as far as possible precipitations during the hydrolysis and polycondensation. in particular 
when using hydrotysable compounds other than silicon compounds, the addition of water can be carried out In several 
steps, for example in three steps. In this case, in the first step, for example, a tenth to a twentieth of the amount of 
water required for hydrolysis can be added. 
ss [0092] After brief stirring, a fifth to a tenth of the necessary amount of water can be added and. after further brief 
stirring, the remainder can finally be added. 

[0093] The condensation time depends on the respective starting components and their proportions, the catalyst 
optionally used and the reaction temperature. In general, the polycondensation Is carried out at normal pressure, but 
it can also be carried out at elevated or at reduced pressure. 

30 [0094] The polycondensate thus obtained can either be employed as a resinous dental composition as such or after 
partial or nearly complete removal of the solvent used or of the solvent formed during the reaction and can be processed 
to give pasty dental materials which are photochemically and/or thermally curable in the presence of one or more 
Initiators. In some cases, it may prove advantageous to replace the excess water and the solvent formed and optionally 
additionally employed by another solvent in the product obtained after the polycondensation in order to stabilise the 

35 polycondensate. For this purpose, the reaction mixture can be thickened, for example in vacuo at slightly elevated 
temperature (up to at nrxjst 80°C) until it can still be taken up with another solvent without problems. 
[0095] After addition of suitable initiators, the final curing of the resinous dental compositions according to the inven- 
tion or of the dental materials resulting therefrom is carried out either thermally or photochemically In the case of one- 
component systems and by mixing the individual components in the case of self-curing multicomponent systems. In 

40 this way, in the course of a cationic polymerisation the rings of the spiro groups of the silanes of the formula (I) are 
opened and/or in the course of a free-radical polymerisation the C=C double bonds of the silanes according to the 
formula (It) are linked. In this way, the organic network is constructed. Surprisingly, it has been found that in the course 
of this polymerisation the volume of the resinous dental compositions according to the invention or of the dental ma- 
terials resulting therefrom does not change or only changes slightly Depending on the number of spiro groups of the 

45 silanes of the general formula (I) and if appropriate other spiro compounds added and/or depending on the number of 
groups B of the silanes of the general formula (II), an only slight decrease in volume, no change in volume or even an 
increase in volume is obtained, the decrease in volume becoming smaller with an increasing number of the spiro groups 
or of the groups B. 

[0096] However, it is also possible to add other components polymerisable ionically and/or by free radicals to the 
so resinous dental compositions according to the inventbn for the preparation of the dental materials before the final 
curing, i.e. before the polymerisation. Compounds polymerisable by free radicals which can be added are, for example, 
those having C=C double bonds, such as, for example, acrylates or methacrylates, the polymerisation taking place via 
the C=C double bonds. Ionically polymerisable compounds which can be added contain, for example, ring systems 
which are catfonically polymerisable by ring opening, such as. for example, spiro-orthoesters, spiro-orthocarbonates, 
55 bicyclic spiro-orthoesters, mono- or oligoepoxides. However, compounds can also be added whk:h are polymerisable 
both cationically and by free radicals, such as, for example, methacryloyi spiro-orthoesters. These are polymerisable 
by free radicals via the C=C double bond and cationically with ring opening. These systems are described, for example, 
in the Journal f.prakt. Chemie, Volume 330. No. 2, 1988. pp. 316-318, or in the Journal of Polymer Science: Part C: 
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Polymer Letters, Vol. 26. pp. 517-520 (1988). 

[0097] If the curing of the resinous dental composition according to the invention or of the dental materials resulting 
therefrom is carried out photochemically, customary cationic photoinitiators are added thereto. Suitable photo! nitiators 
according to the prior art are. for example, compounds which on irradiation release acids, such as, for example. CgHs- 
5 N2BF4, o-N02-C6H4'CH2-0-S02CF3 or triarylsulphonium salts ot the general formulae (X), (XI) and (XII) 

Ar Ar 

(X) Ar - S * X" (XI) Ar-S-Ar-S* X" 

Ar Ar 



^5 Ar Ar 

(XII) ^S-Ar-S-Ar-S* 2X^ 

I I 

Ar Ar 

20 

in which the radicals Ar can be Identical or different and denote aryl or arylene, for example phenyl and phenylene, 

where X- = BF4-, AsFg-. PFg- or SbFg-. 

[0098] These photoinitiators are commercially available, for example triphenylsulphonlum hexafluorophosphate as 
a 50% strength solution In propylene carbonate from Union Carbide under the trade name UVI-6990, or KI-85 (Initiator 
25 according to formula (Xll) where Ar = phenyl or phenylene and X- = PFe- as a 50% strength solution in propylene 
carbonate) from Degussa. In principle, however, all photoinitiators are suitable which are empbyed for the polymeri- 
sation of oxirane-containing molecules, such as, for example, cycloaliphatic epoxides. 

[0099] The triarylsulphonium salt is subjected to photolysis under the influence of Irradiation and a Broensted acid 
is formed which catalyses the ring opening of the spiro groups, the resinous dental composition polymerising. 

30 [0100] If the curing of the resinous dental composition according to the invention or of the dental materials resulting 
therefrom is carried out thermally, thermal initiators are added thereto. Suitable thermal initiators are, for example, BF3 
as BF3.H2NC2H5, ZnCl2. TiCl4 or SnClg. Here also, all the thermal Initiators which are suitable for the polymerisation 
of epoxide groups can be employed. 
[0101] The initiators are added in customary amounts. 

35 [0102] The photoinitiators employed can be. for example, those commercially available. Examples of these are Ira- 
cure^ 184 (1-hydroxycyclohexyl phenyl ketone), Iracure^ 500 (1-hydroxycyclohexyl phenyl ketone/benzophenone) 
and other photoinitiators of the Iracure^w type obtainable from Ciba-Geigy; Darocure™ 1173, 1116. 1398. 1174 and 
1020 (obtainable from Merck), benzophenone. 2-chlorothloxanthone, 2-methytthfoxanthone, 2-isopropylthloxanthone, 
benzoin, 4,4'-dimethoxybenzoin, camphorquinone and others. 

40 [0103] Suitable thermal initiators are in particular organic peroxides in the form of diacyl peroxides, peroxydicarbo- 
nates, alkyi peresters, dialkyi peroxides, perketals, ketone peroxides and alkyi hydroperoxides. Actual and preferred 
examples of thermal initiators are dibenzoyi peroxide, t-butyl perbenzoate and azobisisobutyronitrile. 
[01 04] The resinous dental compositions according to the invention can either be processed as such or together with 
the additives customary for dental materials described at the beginning, such as, for example, fillers, adhesion pro- 

45 motors or pigments to give pasty, photochemically and/or themnally curable dental materials. In this case, the advan- 
tageous properties already mentioned of the cured resinous dental compositions according to the invention are still 
further improved by addition of fillers, so that dental materials result therefrom whose property profile is very consid- 
erably improved compared to the prior art, and which can be aimed at all requirements which are made of such materials. 
[0105] Fillers employed can be, tor example, macrofillers (of glass, ceramic or quartz, particle sizes between 2 and 

50 50 ^m), homogeneous microfillers (for example of pyrogenic silica, particle sizes about 0.04 ^m), inhomogeneous 
microfillers (a part of the pyrogenic silica is present as a chip polymer), hybrid fillers (mixture of macro- and microfillers) 
or very fine hybrid fillers (for example mixture of Aerosil and Ba or Sr glass with particle sizes of 2 jim). In this case, 
the mechanical properties of the resulting cured dental materials are additionally influenced by the particle size and 
the amount of the fillers. The shrinkage (the higher the filler content in the same matrix, the lower the shrinkage), the 

55 X-ray opacity (by addition of, for example, Ba. Sr, Ti or Zr components in the filler) and the thermal expansion coefficient 
(depending on the filler content; fillers usually have a lower expansion coefficient than the organic matrix) are also 
additionally positively influenced by the addition of fillers. 

[0106] It is also possible to add cured resinous dental composition according to the invention for the preparation of 
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dental materials to the uncured resinous dental compositbns according to the invention in finely divided form as a filler. 
For this purpose, the resinous dental composition according to the invention is polymerised, for example in the form 
of an emulsion, a precipitation, a solution or a suspension polymerisation. The polymer is dried, optionally finely ground 
and added to the resinous dental composition. 

5 [0107] The resinous dental compositbns according to the Invention can not only be processed to give photochem- 
ically and/or thermally curable dental materials, it is also possible to prepare the self-curing multicomponent systems 
mentioned at the beginning from the resinous dental compositions according to the invention. 
[0108] The dental nnateriats prepared from the resinous dental compositions according to the invention comprise 20 
to 1 00% by volume of the resinous dental compositions according to the invention, the remaining amounts are optionally 

10 resinous dental compositions according to the prior art, fillers, pigments, initiators, other customary additives or further 
copolymerisable monomers, such as, for example, acrylates, methacrylates. mono- or oligoepoxides, vinyl ethers, 
spiroorthoesters, spiro-orthocarbonates, bicyclic spiro-orthoesters or methacryloyi spiro-orthoesters. It is preferred if 
the resulting dental niaterials comprise 30 to 70% by volume of the resinous dental compositions according to the 
invention. 

IS [0109] The resinous dental compositions according to the invention can also be employed either as such or in the 
form of solutions as adhesives or adhesion promoters to enamel and dentine, for the surface-sealing of conventional 
composites, as adhesion promoters for dental fillers and very generally as a coating composition in the dental field. 
[0110] A great advantage of the resinous dental compositions according to the invention compared to the prior art 
is that in the case of polymerisable, toxic monomers, for example of toxic acrylates or methacrylates, these can be 

20 bonded firmly to the sllanes of the formula (II) and are thus firmly embedded in the inorganic/organic network, so that 
even In the case of incomplete polymerisation after the curing of the resinous dental composition no free monomers 
can be present. In the resinous dental compositions according to the prior art. based on acrylates or methacrylates, 
there is, however, always the risk that after curing as a result of incomplete polymerisation free monomers are still 
present, which can lead to considerable toxic problems. 

25 [0111] The invention is illustrated in greater detail with the aid of exemplary embodiments. 

Example 1 : Preparation of 2-trimethoxysilylpropyl methyl ether-1 ,4,6-trioxaspiro[4,4]-nonane (Silane according to the 
general formula (I)) 

30 [0112] A solution of 307 g (1 .3 mol) of 3-glycidyloxy-propyltrimethoxysilane in 300 ml of CH2C12 is added dropwlse 
at room temperature under an argon atmosphere In the course of one hour to an initial mixture of 129 g (1.5 mol) of 
^-butyrolactone and 4.62 g of boron trifluoride etherate (BFg EtgO) in 600 ml of dried CH2CI2. After stirring for about 2 
hours at room temperature, the mixture is concentrated on a rotary evaporator and the residue Is subjected to high 
vacuum distillation. After a preliminary fraction, the desired spirosilane is obtained at a temperature of about 125 **C 

35 (2X1 0-2 mbar) as a colourless, stable liquid. 
IR: v(C-H) at about 2840 - 2969 cm-i 
v(C-H, methoxy) at 2480 cm'^ 

Example 2: Hydrolytic condensation of 2-trimethoxysilylpropyl methyl ether-1 ,4,6-trloxaspiro[4.4]nonane 

40 

[0113] 20 mg of triethylamine and 0.54 g (30 mol) of H20 are added dropwlse to 6.54 g (20 mol) of spirosilane 
according to Example 1 for the hydrolysis and condensation of the -Si(OCH3)3 groups. The mixture is stirred at room 
temperature for about 20 h. The resulting spirosibxane is isolated after customary working up. 
IR: V (C-H, methoxy) at 2480 cm*"" no longer present 
4S -> hydrolysis has taken place 

V (C=0, ester) at 1738 cm-^ not formed 
-> spiro group not cleaved 

Example 3: Cationic polymerisation of the spirosibxane from Example 2 

so 

[0114] The spirosibxane according to Example 2 is treated with 2% starter (UVI 6990™ from Union Carbide), applied 
to KBr discs, freed from ail volatile constituents and irradiated with UV light (UV "Blue Poinf point irradiator from Dr 
K. Honle), i.e. cured by polymerisation (complete conversion after < 1 min). 
IR: V (C=0, ester) at 1740 cwr^ (intense band) 
55 -> complete conversion and thus polymerisatbn of the spiro group 
-> polyester siloxane 
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Example 4: Cationic polymerisation of the spirosiloxane from Example 2 

[0115] The spirosiloxane according to Example 2 is treated with 2% starter (Ki^5 from Degussa) and applied to 
glass slides. For application, a film-drawing frame having various gap widths (30 and 80 \im) is used. The volatile 
5 constituents are removed, and curing is carried out by means of a "UVALOCt** 1000" UV inradiator from Loctite. 

[01 1 6] Using the starters according to Examples 3 and 4, hard, colourless compositions are obtained after exposure 
times of less than one minute. 



Example 5: Synthesis procedure for a resin system based on TMPTA and mercaptopropylmethyldimethoxysilane (ratio 
10 of 1:1) 

[0117] 72.14 g (0.4 mol) of mercaptopropylmethyldimethoxysilane are added dropwise under a protective gas at- 
mosphere to an initial mixture of 118.5 g (0.4 mol) of trimethylolpropane triacrylate (TMPTA) in 400 ml of ethyl acetate. 
With cooling (ice-bath), a solution of 0.224 g (0.004 mol) of KOH in ethanol is slowly added dropwise. After about 5 

IS minutes the reaction (thiol addition) is complete. 7.2 g of 0.7 N HCI are added dropwise for the hydrolysis and conden- 
sation of the methoxy groups. Working up is carried out after stirring at room temperature for about 20 hours by ex- 
tracting by shaking, first with dilute, aqueous NaOH and finally with distd. water. After filtration, the filtrate is concentrated 
on a rotary evaporator. The volatile constituents are removed under an oil pump vacuum. A pale-yellow, transparent, 
viscous resin results. The viscosity is variable from 9,000 to 22,000 mPa.s at 25X by means of the synthesis conditions 

20 (resin system A). 

Example 6: Synthesis procedure for a resin system based on Ebercryl-53 and mercaptopropyl-methyldimethoxysilane 
(ratio 1:1) 

25 [0118] 54. 1 g (0.3 mol) of mercaptopropylmethyldimethoxysilane are added dropwise under a protective gas atmos- 
phere to an initial mixture of 128.5 g (0.3 mo\) of glyceryl propoxytriacrylate (Ebercfyl-53'"^) in 270 ml of ethyl acetate. 
With cooling (ice-bath), a solution of 0.168 g (0.003 mol) of KOH in ethanol is slowly added dropwise. After about 5 
minutes the reaction (thiol addition) is complete. 5.4 g of 0.7 N HCI are added dropwise for the hydrolysis and conden- 
sation of the methoxy groups. Working up is carried out after stirring at room temperature tor 20 hours by extracting 

30 by shaking, first with dilute, aqueous NaOH and finally with distd. water After filtration, the filtrate is concentrated on 
a rotary evaporator. The volatile constituents are removed under an oil pump vacuum. A pale-yellow, transparent, 
viscous resin results. 

[01 1 9] The viscosity is variable from 4,500 to 8, 1 00 mPa.s at 25*C by means of the synthesis conditions (resin system 
B). 

35 

Example 7: Synthesis procedure for a resin system based on TMPTA and (mercaptomethyl)methyl-diethoxysilane 
(ratio of 1.2:1) 

[0120] 45.1 g (0.25 mol) of (mercaptomethyl)methyldiethoxysilane are added dropwise under a protective gas at- 
40 mosphere to an initial mixture of 88.9 g (0.3 mol) of trimethylolpropane triacrylate (TMPTA) in 250 ml of ethyl acetate. 
With cooling (ice-bath), a solution of 0.140 g (0.0025 mol) of KOH in ethanol is slowly added dropwise. After about 1 
minute, the reaction (thiol addition) is complete. 7.2 g of 0.5 N HCI are added dropwise for the hydrolysis and con- 
densation of the methoxy groups. Working up is carried out after stirring at room temperature for about 20 hours by 
extracting by shaking, first with dilute, aqueous NaOH and finally with distd. water. After filtration, the filtrate is concen- 
ts trated on a rotary evaporator. The volatile constituents are removed under an oil pump vacuum. A pale-yellow, trans- 
parent, viscous resin results. The viscosity is variable from 4,200 to 7,000 mPa.s at 25X by means of the synthesis 
conditions (resin system C). 

Example 8: Synthesis procedure for a resin system based on TMPTA and (mercaptomethyl)methyl-diethoxysilane 
so (ratio of 1:1) 

[0121] 0.4 mol of (mercaptomethyl)methyldiethoxysilane Is added dropwise under a protective gas atmosphere to 
an initial mixture of 118.5 g (0.4 mol) of trimethylolpropane triacrylate (TMPTA) in 400 ml of ethyl acetate. With cooling 
(ice-bath), a solutran of 0.224 g (0.004 mol) of KOH in ethanol is slowly added dropwise. After about 5 minutes the 
55 reaction (thiol addition) is complete. 7.2 g of 0.7 N HCI are added dropwise for the hydrolysis and condensation of the 
methoxy groups. Working up is carried out after stirring at room temperature for about 20 hours by extracting by shaking, 
first with dilute, aqueous NaOH and finally with distd. water. After filtration, the filtrate is concentrated on a rotary 
evaporator. The volatile constituents are removed under an oil pump vacuum. A pale-yellow, transparent, viscous resin 
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results. 

Example 9: Synthesis procedure for a resin system based on TMPTA and (mercaptomelhyl) -dimethylmethoxysilane 
(ratio 1:1) 

5 

[0122] 0.3 mol of (mercaptomethyl)dimethylmethoxysilane is added dropwise under a protective gas atmosphere to 
an initial mixture of 0.3 mol of trimethylolpropane triacrylate (Tfs/IPTA) in 270 ml of ethyl acetate. With cooling (ice-bath), 
a solution of 0.168 g (0.003 mol) of KOH in ethanol is slowly added dropwise. After about 5 minutes the reaction (thiol 
addition) is complete. 5.4 g of 0.7 N HCi are added dropwise for the hydrolysis and condensation of the methoxy groups. 
10 Working up is carried out after stin'ing at room temperature for 20 hours by extracting by shaking, first with dilute, 
aqueous NaOH and finally with distd. water. After filtration, the filtrate is concentrated on a rotary evaporator. The 
volatile constituents are removed under an oil pump vacuum. A pale-yellow, transparent, viscous resin results. The 
viscosity is variable from 900 to 7,200 mPa.s at 25''C by means of the synthesis conditions (resin system E). 

IS Example 1 0: Synthesis procedure for a resin system based on TMPTMA and mercaptopropy Imethyl-dimethoxysilane 
(ratio of 1:1) 

[0123] 18.03 g (0.1 mol) of mercaptopropylmethyldimethoxysilane are added dropwise under a protective gas at- 
mosphere to an initial mixture of 33.84 g (0. 1 mol) of trimethylolpropane trimethacrylate (TMPTMA) in 100 ml of ethyl 

20 acetate. With cooling (ice-bath), a solution of 0.56 g (0.01 mol) of KOH in ethanol is slowly added dropwise. After about 
5 minutes the reaction (thiol addition) is complete. 1 .8 g of 5.7 N HCI are added dropwise for the hydrolysis and con- 
densation of the methoxy groups. Working up is carried out after stirring at room temperature for about 20 hours by 
extracting by shaking, first with dilute, aqueous NaOH and finally with distd. water. After filtration, the filtrate is concen- 
trated on a rotary evaporator. The volatile constituents are removed under an oil pump vacuum. A pale-yellow, trans- 

2S parent resin having a viscosity of about 1760 mPa.s at 25**C results (resin system F). 

Example 11: Synthesis procedure for a resin system based on TMPTMA and mercaptopropyl-trimethoxysllane (ratio 
of 1:1) 

30 [0124] 9.82 g (0.05 mol) of mercaptopropyl-trimethoxysilane are added dropwise under a protective gas atmosphere 
to an initial mixture of 16.92 g (0.05 mol) of trimethylolpropane trimethacrylate (TMPTMA) in 50 ml of ethyl acetate. 
With cooling (ice-bath), a solution of 0.28 g (0.005 mol) of KOH In ethanol is stowly added dropwise. After about 1 
minute the reaction (thiol addition) is complete. 2.16 g of 2.4 N HCI are added dropwise for the hydrolysis and conden- 
sation of the methoxy groups. Working up Is carried out after stirring at room temperature for about 20 hours by ex- 

35 trading by shaking, first with dilute, aqueous NaOH and finally with distd. water. After filtration, the filtrate is concentrated 
on a rotary evaporator. The volatile constituents are removed under an oil pump vacuum. A pale-yellow, transparent 
resin having a viscosity of about 16,000 mPa.s at 25''C results (resin system G). 

Example 12: Synthesis procedure for a resin system based on BADMA and (mercaptomethyl)-methyldiethoxysilane 
40 (ratio of 1:1) 

[0125] 0.05 mol of (mercaptomethyl)methyldjethoxysilane is added dropwise under a protective gas atmosphere to 
an initial mixture of 0.05 mol of bisphenol-A-dimethacrylate (BADMA) in 50 ml of ethyl acetate. With cooling (ice-bath), 
a solution of 0.28 g (0.005 mol) of KOH in ethanol is slowly added dropwise. After about 1 minute, the reaction (thiol 
45 addition) is complete. 2.16 g of 2.4 N HCI are added dropwise for the hydrolysis and condensatton of the methoxy 
groups. Working up is carried out after stirring at room temperature for about 20 hours by extracting by shaking, first 
with dilute, aqueous NaOH and finally with distd. water. After filtration, the filtrate is concentrated on a rotary evaporator 
The volatile constituents are removed under an oil pump vacuum. A pale-yellow, transparent, viscous resin results 
(resin system H). 

so 

Example 1 3: Synthesis procedure for a resin system based on Plex 6833-0 and mercaptopropyl-methyldimethoxysilane 
(ratio of 1:1) 

[0126] 0.05 mol of mercaptopropylmethyldimethoxysilane is added dropwise under a protective gas atmosphere to 
55 an initial mixture of 0.05 mol of ethoxylated bisphenol-A-dimethacrylate (Plex 6833-0) in 50 ml of ethyl acetate. With 
cooling (Ice-bath), a solution of 0.28 g (0.005 mol) of KOH in ethanol is slowly added dropwise. After about 1 minute 
the reaction (thiol addition) is complete. 2.16 g of 2.4 N HCI are added dropwise for the hydrolysis and condensation 
of the methoxy groups. Working up is carried out after stirring at room temperature for about 20 hours by extracting 



28 



EP000643752 fhttp://vww.getthepatent.com/LQqin.dog/$foiev/Fetch/EP000643752xpc?frQmCache=1part=mai 



Page 29 of 41 



EP 0 643 752 B1 

by shaking, first with dilute, aqueous NaOH and finalty with distd. water. After filtration, the filtrate is concentrated on 
a rotary evaporator. The volatile constituents are removed under an oil pump vacuum. A pale-yellow, transparent resin 
having a viscosity of about 3.200 mPa.s at 25*^0 results (resin system I). 

5 Example 14: Synthesis procedure for a resin system based on TMPTA and (mBrcaptomethyl)-methyldiethoxysilane 
(ratio of 1.2:1) sitanised with trimethylchlorosilane 

[0127] 45.1 g (0.25 mol) of (mercaptomethyl)-methyldiethoxysilane are added dropwise under a protective gas at- 
mosphere to an initial mixture of 88.9 g (0.3 mol) of trimethylolpropane triacrytate (TMPTA) in 250 ml of ethyl acetate. 

10 With cooling (ice-bath), a solution of 0.140 g (0.0025 mol) of KOH in ethanol is slowly added dropwise. After about 1 
minute, the reaction (thiol addition) is complete. 7.2 g of 0.5 N HCI are added dropwise for the hydrolysis and conden- 
sation of the methoxy groups. Working up is carried out after stirring at room temperature tor about 20 hours by ex- 
tracting by shaking, first with dilute, aqueous NaOH and finally with distd. water. After filtration, the filtrate is concentrated 
on a rotary evaporator. The volatile constituents are removed under an oil pump vacuum. A pale-yeltow, transparent. 

IS viscous resin which is sllanised by customary methods with trimethylchbrosllaneAriethylamlne (for entraining the HCI 
set free) results. The viscosity is variable from 2,800 to 3.300 mPa.s at 25°C by means of the synthesis conditions 
(resin system K). 

[0128] The aim of the silanisation is the reaction of the free SiOH groups (hydrophilic centres in the resin) to reduce 
the absorption of water and thus to reduce the decrease in strength due to the addition of water, and to reduce the 
20 resin viscosity in order finally to ensure a higher filler content in the composite. 

Example 1 5: Synthesis procedure for a resin system based on TMPTA and (mercaptomethyl)methyldiethoxysilane and 
mercaptopropyltrimethoxysilane (ratio of 1.2 : 0.5 : 1) 

2S [0129] 0.125 mol of (mercaptomethyl)methyldiethoxysilane and 0.125 mol of mercaptopropyltrimethoxysilane are 
added dropwise under a protective gas atmosphere to an initial mixture of 88.9 g (0.3 mol) of trimethylolpropane tria- 
cry late (TMPTA) in 250 ml of ethyl acetate. With cooling (ice-bath), a solution of 0. 1 40 g (0.0025 mol) of KOH in ethanol 
is slowly added dropwise. After about 1 minute, the reaction (thiol addition) is complete. 7.2 g of 0.5 N HCI are added 
dropwise for the hydrolysis and condensation of the methoxy groups. Working up is carried out after stirring at room 

30 temperature for about 20 hours by extracting by shaking, first with dilute, aqueous NaOH and finally with distd. water 
After filtration, the filtrate is concentrated on a rotary evaporator. The volatile constituents are removed under an oil 
pump vacuum. A pale-yellow, transparent, viscous resin results (resin system M). 

[0130] The resin viscosity, which is important for the workability (for example for the production of moulded articles 
and for the incorporation and the content of the fillers) can be varied within wide ranges, as is confirmed by these 
35 exemplary embodiments, with the same composition by means of the synthesis conditions and by the starting material 
combination and can thus be suited to the requirements of the particular application case. 

Example 16: Filler incorporation 

40 [0131] As filler, a mixture of 30% of Aerosil OX50 (pyrogenic silica) and 70% of very fine glass GM 32087 (strontium 
silicate glass), both silanised, is incorporated into the resin system until a pasty consistency results. The incorporation 
can be carried out, for example, using the AM 501 universal mixer from Hauschild. 

Resin system LI: Resin system K is mixed with 75% by weight (60% by volume) of the abovementioned filler 
45 mixture. 

Resin system L2: Resin system B is mixed with 75% by weight (60% by volume) of the abovementioned filler 
mixture. 

Resin system L3: Resin system I Is mixed with 75% by weight (60% by volume) of the abovementioned filler mixture. 

50 [0132] UV-cured moulded articles for other investigations are prepared from the resin systems A to M after addition 
of 1.0% of Iracure 184R as a UV initiator. Corresponding curing in the visible spectral range (after addition of, for 
example, camphorquinone as initiator) is likewise possible. 
[01 33] Other investigations and test conditions: 

55 Breaking strength : The breaking strength is determined in a 3-point flexurat test (UTS-1 00 universal testing ma- 

chine) on rectangular rods (2x2x25mm). 

E Modulus : The E modulus is determined in a 3-point flexural test (UTS-1 00 universal testing machine) on rec- 
tangular rods (2x2x25mm). 
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Shrinkage on curing : The shrinkage on curing is determined by means of the difference in thickness before and 
24 h after curing. 

Water absorption : The water absorption is determined on cylindrical moulded articles (1 mm thick with a diameter 
of 10 mm) after storage for 14 days in distd. water at AXfO by final weighing (corrected for the water solubility). 
Water solubility : The water solubility is determined on cylindrteal nnoulded articles (1 mm thick with a diameter of 
10 mm) after storage for 14 days in distd. water at 40°C by final weighing. 



Test results: 



Resin system 


: A 


B C 




D 


E 


F 


G H 


E modulus [MPa] 


: 1250 


73 2 


150 


2030 1140 


500 1540 1470 


Resin system 


: I 


K 


LI 




N 






E modulus [NPa] 


: <40 


1690 


8000 2100 








Resin system 


: A 


C D 


E 


G 


H 


I 


LI M 


Breaking 
















strength [MPa) 


: 63 


90 36 


60 


65 


65 


70 


120 95 




Resin system 


: A 


B C 


E 


I 


K 


LI 


L2 L3 M 


Shrinkage on 
















curing in (%] 


:7.0 


4.9 7.8 


5.4 


1.7 


7.0 


2.9 


2.0 0.7 6.9 





Resin system : 


E K 


L 


40 


Water absorption: 


1.4 % 1.3 % 


0.6 % 




Water solubility: 


0.1 % 0.0 % 


0.0 % 



45 — 

[0134] The shrinkage on curing can be reduced further by the use or by the addition of silanes of the general formula 
(I)- 

so Example 1 7: Preparation of a composite which is photochemically curable in the visible spectral range based on resin 
system K 

[0135] The following components are combined to give a pasty mixture: 



Resin system 

2,2-Bis[4'-(2"-methacryloylethoxy)phenyl]- 



K15.6g 
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[01 36] The following components are combined to give a pasty mixture: 



10 



IS 



Resin system 


K15.6g 


2.2-Bis[4'-(2'-methacryIoylethoxy)phenyl]propane 


6.44 g 


4-Methoxy phenyl 


.007 g 


Ethylbenzoin 


0.06 g 


Camphorquinone 


0.10 g 


2-n-Butoxyethyl 4-(dim8thylamino)benzoale 


0.13g 


Silanised strontium silicate glass 


54.4 g 


Silanised, pyrogenic silica 


23.3 g 


After curing with a customary light source (Translux from Kulzer), the following values were meas- 


ured: 




Flexural strength 


110 MPa 


Water absorption 


0.57 % 


Skrinkage (after 24 h) 


2.3% 



20 



Example 18 : Preparation of a self-curing composite based on resin system C 

[0137] The following components are mixed to give a catalyst paste or to give a base paste: 



25 



30 



35 



40 





Catalyst 


Base 


Resin system C 


15.6 g 


15.6 g 


2,2-Bis[4'-(2"-methacryloylethoxy)phenyl]propane 


6.44 g 


6.44 g 


4-Methoxyphenyl 


0.007 g 


0.007 g 


N,N-Bis(2-hydroxyethyl)-p-toluidine 




2.0 g 


Benzoyl peroxide 


2.0 g 




Silanised strontium silicate glass 


54.4 g 


54.4 g 


Silanised, pyrogenic silica 


21.55 g 


21.55 g 


The pastes are mixed and after curing the following values are measured: 


Flexural strength 


120 MPa 


Water absorption 




0.68% 


Skrinkage 




2.3% 


(after 24 h) 






Processing time 




3 min 


Setting time 




4 min 20 sec 
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Example 1 9: Preparation of a composite which is photochemical ly curable in the visible spectral range based on resin 
system K (without fillers) 

[0138] The following components are combined to give a pasty mixture: 



so 



55 



Resin system 


K70.0 g 


2,2-Bis[4'-(2"-methacryloylethoxy)phenyl]propane 


28.565 g 


4-Methoxyphenyl 


.035 g 


Ethylbenzoin 


0.30 g 


Camphorquinone 


0.50 g 


2-n-Butoxyethyl 4-(dimethylamlno)benzoate 


0.60 g 


After curing with a customary light source (Translux from Kulzer) the following values were meas- 


ured; 




Flexural strength 


70 MPa 


Compression strength 


352 MPa 


Shrinkage (after 24 h) 


5.7% 
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Claims 



1. The use in dentistry of a Resinous composition, which is photochemically or thermally curable in the presence of 
initiators, or self-curing, based on polymerisable polysiloxanes, obtainable by hydrolytic condensation of one or 
more hydrolyticalty condensable compounds of silicon and if desired other elements of the group comprising B, 
Ba, Ti, Zr, Al, Sn, the transition metals, the lanthanides and the actinides, and/or precondensates derived from the 
abovementioned compounds, if appropriate in the presence of a catalyst and/or of a solvent, by the action of water 
or moisture. 1 to 100 mol%, based on monomeric compounds, of silanes of the general formula (I) 



10 



(I) 



in which the radicals X, Y and R are identical or different and have the following meaning: 



IS 



20 



R = alKyl, alkenyls aryl. alkylaryl or arylalkyi, 

X = hydrogen, halogen, hydroxy!, alkoxy. acyloxy, alkylcarbonyl, alkoxycarbonyl or NR'2. 
where R' = hydrogen, alkyi or aryl, 

Y = a substituent which contains a substituted or unsubslltuted 1,4,6 -trioxaspiro[4-4 Jnonane radical, 
n = 1. 2or3, 

m = 1 ,2 or 3, where n+m <4, 



and/or of silanes of the general formula (II) 



2S 



{X,R,Si[R"(A),l,.(,,,jl,B 



(10 



in which the radicals A. R, R^ and X are identical or different and have the following meaning: 



30 



35 



40 



4S 



A = O, S. PR'. POR', NHC(O)0 or NHC(0)ONR'. 
where R' = hydrogen, alkyI or aryl, 

B = a straight-chain or branched organic radical which Is derived from a compound B' having at least two C=C 
double bonds and 5 to 50 carbon atoms, where R' = hydrogen, alkyI or aryl, 

R = alkyI, alkenyl. aryl, alkylaryl or arylalkyi, 
R2 = alkylene, arylene or alkylenearylene, 

X = hydrogen, halogen, hydroxyl, alkoxy, acyloxy, alkylcarbonyl, alkoxycarbonyl or NR'2, 
where R' = hydrogen, alkyI or aryl, 
n = 1, 2or3. 
k = 0, 1 or 2, 
I = 0 or 1 . 

X = an integer whose maximum value corresponds to the number of double bonds in the compound B' minus 
1, or is equal to the number of double bonds in the compound B' when I = 1 and A represents NHC(0)0 or 
NHC(o)NR'. B' having two or more acrylate or methacrylate groups. 

2. Use according to Claim 1 . characterised in that the silanes of the general formula (I) are those in which Y is equal to 



so 




CH2-0-(CKj)3- 




55 
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where the radicals Z are identical or different and denote hydrogen, hydroxyl, alkyl. alkenyl, aryl, alkylaryl, arylalkyl. 
20 alkylcarbonyl, alkoxycarbonyl. acryloxy. methacryloxy or halogen. 

3. Use according to Claim 1 or 2, characterised in that the silanes of the general formula (II) are those in which the 
radicals and indices have the following meaning: 

2S X = (Ci •C4)-alkoxy or halogen ; 

R = (CrC4)-alkyl ; 

R2 = (Ci-C*)-alkylene; 

A = O or S ; 

n = 1 . 2 or 3; 
30 I = 0 or 1 ; 

4-(n+k) = 0 for I = 0 and 1 for I = 1 ; 

B and x formulated as in Claim 1 . 

4. Use according to Claim 3 wherein X = methoxy, ethoxy or chlorine ; R = methyl or ethyl ; R2 = methylene or 
35 propylene ; A = S and 1=1, 

5. Use according to one or more of Claims 1 to 3, characterised in that the silanes of the general formula (II) are 
those in which the unit having the index x is selected from triethoxysilyl. methyldiethoxysilyl, methyl-di-chlorosilyl. 
3-methyl-dimethoxysilylpropylthio. 3-tri-ethoxysilylpropylthio, ethoxydimethylsilylmethylthio and methyldiethoxy- 

40 silylmethylthio. 

6. Use according to one or more of Claims 1 to 5, characterised in that the silanes of the general formula (II) are 
those in which the compound B' contains at least two (for I = 1 and A = NHC(0)0 or NHC{0)NR') or at least three 
C=C double bonds. 

45 

7. Use according to any of Claims 1 to 6, characterised in that B is derived from acrylic acid esters of trimethylolpro- 
pane, pentaerythrltol. dipentaerythritol. C2-C6-alkanediols. polyethylene glycols or polypropylene glycols. 

8. Use of a Resinous dental composition according to one or more of Claims 1 to 7. characterised In that the silanes 
50 of the general formula (II) are those in which x has the value 1 or 2. 

9. Use of a Resinous dental composition according to one or more of Claims 1 to 8, characterised In that further 
hydrolytically condensable compounds of silicon selected from one or more compounds of the general formula (III) 
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if appropriate in precondensed form, are employed in the preparation of the composition, wherein the radicals R, 
R" and Z* are identical or different and have the following meaning: 

R = alkyl. alkenyl, aryl, alkylaryl or arylalkyl, 
5 R" = alkylene or alkenylene. where these radicals can be interrupted by oxygen or sulphur atoms or NH groups, 

X = hydrogen, halogen, hydroxy!, alkoxy, acyloxy. alkylcarbonyl, alkoxycarbonyl or NR'g. 
where R' = hydrogen, alkyl or aryl, 

T = halogen or an optionally substituted amino, amide, aldehyde, alkylcarbonyl, carboxyl. mercapto, cyano, 
alkoxy, alkoxycarbonyl, sulphonic acid, phosphoric acid, acrytoxy. methacryloxy, epoxy or vinyl group, 
10 a = 0. 1.2or3, 

b = 0. 1. 2 or 3, where a+b = 1, 2 or 3. 

10. Use according to one or more of Claims 1 to 9, characterised in that further hydrolytically condensable components 
selected from one or more barium, titanium or zirconium compounds which are soluble in the reaction medium, if 

IS appropriate in precondensed form, of the general formula 

BaR»2 or M Xy R^ 

20 are employed In the preparation of the composition, wherein M denotes titanium or zirconium, the radicals R"*, R 
and X are identical or different, R* represents alkoxy or acyloxy, y is an integer from 1 to 4, z represents 0, 1 . 2 or 
3, and X and R are defined as In the case of the general formula (I). 

11. Use according to one or more of Claims 1 to 10, characterised in that the composition additionally contains one 
2S or more monomers which are copotymerisable by free radicals and/or cationicaily. 

12. Use according to Claim 11, characterised In that the composition contains acrylates, methacrylates, mono- or 
oligoepoxides, vinyl ethers, spiro-orthoesters, spiro-orthocarbonates, bicycllc spiro-orthoesters or methacryloyi 
spiro-orthoesters as polymerisable monomers. 

JO 

13. Process for the preparation of resinous dental compositions for use according to one or more ol Claims 1 to 12, 
in which the one or more hydrolytteally condensable compounds of silicon and if desired other elements of the 
group comprising B. Ba. Ti, Zr, Al, Sn. the transitton metals, the lanthanides and the actinides, and/or preconden- 
sates derived from the abovementioned compounds are hydrolytically condensed. 

14. Process according to Claim 13, characterised in that one or more monomers which are copolymerisable by free 
radicals and/or cationicaily are added to the reaction mixture before and/or after the hydrolytic condensation. 

1 5. Process according to Claim 1 4, characterised in that acrylates, methacrylates. mono- or oligoepoxides. vinyl ethers, 
40 spiro-orthoesters, spiro-orthocarbonates, bicyclic spiro-orthoesters or methacryloyi spiro-orthoesters are added 

to the reaction mixture as polymerisable nrx)nomers. 

16. Use according to one or more of Claims 1 to 12, wherein the composition is used as an adhesive or adhesion 
promoter to enamel and dentine, for the surface-sealing of conventional composites, as an adhesion promoter for 

4S dental fillers or as a coating composition. 

17. Pasty dental material, which is photochemically or thermally curable in the presence of Initiators or self-curing, 
composed of one or more resinous dental compositions and one or more finely divided fillers and/or customary 
additives, characterised in that it contains 20 to 70% by volume, of resinous dental composittons according to one 

50 or more of Claims 1 to 1 2. 

18. Dental material according to Claim 17, characterised in that the filler contained, if appropriate together with other 
fillers, is a cured, finely divided resinous dental composition according to one or more of Claims 1 to 12. 
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Patentanepruche 

1. Venwendung einer harzartigen Zusammensetzung, die in Gegenwart von Inltiatoren photochemisch Oder thenmisch 
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hartbar ist Oder selbsthartend 1st, aut der Basis von polymerisierbaren Polys iloxan en, erhattlich durch hydrolytische 
Kondensatlon einer oder mehrerer, hydrolytisch kondensierbarer Verbindungen von Silicium und, falls enwunscht, 
anderer E lemente aus der die Gruppe B, Ba, Ti, Zr. At, Sn, die Ubergangsnnetalle. die Lanthaniden und die Actiniden 
umfassenden Gruppe, und/oder von den zuvor en^ahnten Verbindungen abgelelteter VADfkondensate. gegebe- 
nenfalls in Gegenwart eines Katalysators und/oder eines Losungsmittels. durch die Einwirlcung von W^sser oder 
Feuchtigkeit, von 1 bis 100 Molprozent, bezogen auf monomere Verbindungen, von Silanen mil der allgemeinen 
Forme! (I) 



10 



Yn^'^m^4-(n+m) 



IS 



20 



worin die Reste X, Y und R gleich oder verschieden sind und die folgende Bedeutung aufweisen: 
R = Alkyl. Alkenyl, Aryl, Alkylaryl oder ArylalkyI, 

X = Wasserstoff, Halogen, Hydroxy!, Alkoxy, Acyloxy, Alkytearbonyl, Alkoxycarbonyl oder NR'2. worin R' 
Wasserstoff, Alkyl oder Aryl, 

Y = ein Substituent, der einen substituierten oder unsubstituierten 1,4,6-Trioxaspiro[4.4]nonanrest enthalt, 
n = 1 . 2 Oder 3, 

m = 1 , 2 Oder 3, wobei n+m ^ 4 ist. 
und/oder von Silanen mit der allgemeinen Formel (II) 



25 



worin die Reste A, B, R. R^ und X gleich oder verschieden sind und die folgende Bedeutung aufweisen: 



(II). 
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A = O, S. PR'. POR', NHC(0)0 oder NHC(0)ONR', worin R' = Wasserstoff. Alkyl oder Aryl. 

B = ein geradkettiger oder verzweigter organischer Rest, der von einer Verbindung B' mit wenigstens zwei 

C=C-Doppelbindungen und 5 bis 50 Kohlenstoffatomen abgeleitet ist, worin R' = Wasserstoff, Alkyl oder Aryl, 

R = Alkyl, Alkenyl, Aryl, Alkylaryl oder ArylalkyI, 

R2 = Alkylen, Arylen oder Alkylenarylen, 

X = Wasserstoff, Halogen. Hydroxy!, Alkoxy, Acyloxy, Alkylcarbonyl, Alkoxycarbonyl oder NR'g. worin R' = 
Wasserstoff, Alkyl oder Aryl. 
n = 1 , 2 Oder 3, 
k = 0, 1 Oder 2, 
UOoder 1, 

X = eine ganze Zahl, deren Maximalwert der Anzahl der Doppelbindungen in der Verbindung B' minus 1 ent- 
spricht Oder gleich der Anzahl der Doppelbindungen in der Verbindung B' ist, wenn I =1 und A fur NHC(0)0 
Oder NHC(0)NR' steht, wobei B* zwei oder mehrere Acrylat- Oder Methacrylatgruppen aufweist, 



in der Zahnmedizin. 

2. Verwendung nach Anspruch 1, dadurch gekennzeichnet, daf3 die Silane der allgemeinen Formel (I) solche sind, 
^ in denen Y fur 



so 



— o^n 1 
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steht. worin die Reste Z gleich Oder verschieden sind und Wasserstoff, Hydroxyl, Alkyl, Alkenyl, Aryl, Alkylaryl. 
20 ArylalkyI, Alkylcarbonyl. Alkoxycarbonyl, Acryloxy, Methacryloxy Oder Halogen bedeuten. 

3. Verwendung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die Silane der allgemelnen Formel (II) solche 
sind, worin die Reste und Indices die folgende Bedeutung aufweisen: 

25 X = (Ci-C4)Alkoxy oder Halogen; 

R = (C1-C4) Alkyl; 

R2= (Ci-C4)AIkylen; 

A = 0 Oder S; 

n = 1 , 2 Oder 3; 
30 1 = 0 Oder 1; 

4-(n+k) = 0 fur I = 0 und 1 tur 1=1; 

B und X sind wie in Anspruch 1 angegeben. 

4. Verwendung nach Anspruch 3, worin X = Methoxy. Ethoxy oder Chlor; R = Methyl Oder Ethyl; R2 = Methylen Oder 
35 Propylen; A = S und I = 1 . 

5. Verwendung nach einem oder mehreren der AnsprOche 1 bis 3, dadurch gekennzeichnet, daB die Silane der 
allgemeinen Formel (II) jene sind, in denen die den Index x tragende Einheit unter Triethoxysilyl, Methyldiethoxy- 
sityl, Methyl-di-chlorsilyl. 3-Methyl-dimethoxysilylpropylthio, 3-Trlethoxysilylpropylthio, Ethoxydimethylsllylme- 

40 thylthio und Methyldiethoxy-silylmethyllhio ausgewahit isl. 

6. Verwendung nach einenn oder mehreren der Anspruche 1 bis 5. dadurch gekennzeichnet, daB die Silane der 
allgemeinen Formel (II) jene sind. worin die Verbindung B' wenigstens zwei (fur 1 = 1 und A = NHC(0)0 oder NHC 
(O)NR') Oder wenigstens drei C=C-Doppelbindungen enthalt. 

45 

7. Verwendung nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daB B von Acrylsaureestern von Tri- 
methylolpropan, Pentaerythrit. DIpentaerythrit, Cg-Cg-Alkandiolen. Polyethylenglycolen oder Polypropylenglyco- 
len abgeleitet ist. 

so 8. Ven/vendung einer harzartigen Dentalzusammensetzung nach einem oder mehreren der Anspruche 1 bis 7, da- 
durch gekennzeichnet, daB die Silane der allgemeinen Formel (II) jene sind, worin x den Wert 1 oder 2 hat. 

9. Verwendung einer harzartigen Dentalzusammensetzung nach einem oder mehreren der Anspruche 1 bis 8, da- 
durch gekennzeichnet, daB weitere hydrolytisch kondenslerbare Silrciumverbindungen. ausgewahit unter einer 
55 Oder mehreren Verblndungen mit der allgemeinen Formel (III) 
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R^(R"Z'),SiX^.^^,,j (III). 

gegebenenfalls In vorkondsnsierter Form, in der Herstellung der Zusammensetzung venAfendet werden, wobei die 
^ Reste R. R" und Z' gleich oder verschieden sind und die folgende Bedeutung autweisen: 

R = Alkyl. Alkenyl, Aryl, Alkylaryl oder ArylaikyI, 

R" = Alkylen oder Alkenylen. wobei diese Reste durch Sauerstoff- oder Schwefelatome oder NH-Gruppen 
unterbrochen sein konnen. 

10 X = Wasserstoft, Halogen, Hydroxyl, Alkoxy. Acyloxy, Alkylcarbonyl, Alkoxycarbonyl oder NR'2, worin R' = 

Wasserstoff, Alkyl oder Aryl, 

Z' = Halogen oder eine gegebenenfalls substituierte Amino-, Amid-. Aldehyd-, Alkylcarbonyl-, Carboxyl-, Mer- 
capto-, Cyano-, Alkoxy-, Alkoxycarbonyl-, Sulfonsaure-, Phosphorsaure-, Acryloxy-, Methacryloxy-, Epoxy- 
oder Vinyigruppe, 
'5 a = 0, 1 , 2 Oder 3. 

b = 0, 1 , 2 Oder 3, worin a+b =1,2 oder 3. 

10. Venwendung nach einem oder mehreren der Anspruche 1 bis 9, dadurch gekennzeichnet, daO weitere hydrolytisch 
kondensierbare Komponenten, ausgewahit unter einer oder mehreren Barium-, Titan- oder Zlrconiumverbindun- 

^0 gen, die im Reaktbnsmedium loslich sInd, gegebenenfalls in vorkondensierter Form, mil der allgemeinen Formel 

BaR^'gOder MXyR^. 

^5 in der Herstellung der Zusammensetzung verwendet werden, wobei M fur Titan oder Zirconium steht, die Reste 
R°, R und X gleich oder verschieden sind, R' fur Alkoxy oder Acyloxy steht, y eine ganze Zahl von 1 bis 4 darstellt. 
2 fur 0, 1 , 2 Oder 3 steht und X und R wie im Falle der allgemeinen Formel (I) definiert sind. 

11. Verwendung nach einem oder mehreren der Anspruche 1 bis 10, dadurch gekennzeichnet, daB die Zusammen- 
30 setzung zusatzlich ein oder mehrere Monomere enthalt. die durch freie Radikale und/oder katlonisch copolyme- 

rislerbar sind. 

12. Verwendung nach Anspruch 11 , dadurch gekennzeichnet, da3 die Zusammensetzung Acrylate. Methacrylate. Mo- 
no- Oder Oligoepoxide, Vinylether. Spiroorthoesler, Spiroorthocarbonate, bicyclische Spiroorthoester oder Me- 

35 thacryloylspiroorthoester als polymerisierbare Monomere enthalt. 

13. Verfahren zur Herstellung von harzhartigen Dentalzusammensetzungen zur Venwendung nach einem oder meh- 
reren der Anspruche 1 bis 12, worin die eine oder die mehreren hydrolytisch kondensierbaren Verbindungen von 

Silicium und gewunschtenfalls anderen Elementen aus der B, Ba, Tl, Zr, Al, Sn, die Ubergangsmetalle. die Lan- 
^0 thaniden und die Actiniden umfassenden Gruppe. und/oder von den zuvor enwahnten Verbindungen abgeleitete 

Vorkondensate, hydrolytisch kondensiert werden. 

14. Verfahren nach Anspruch 1 3, dadurch gekennzeichnet, daQ ein oder mehrere Monomere, die durch freie Radikale 
und/oder kationisch copolymerisierbar sind, zu dem Reaktionsgemisch vor und/oder nach der hydrolytischen Kon- 

^ densation zugesetzt werden. 

15. Verfahren nach Anspruch 14, dadurch gekennzeichnet, daB Acrylate, Methacrylate, Mono- oder Oligoepoxide. 
Vinylether, Spiroorthoester, Spiroorthocarbonate, bicyclische Spiroorthoester oder Methacryloylspiroorthoester als 
polymerisierbare Monomere zu dem Reaktionsgemisch zugesetzt werden. 

so 

16. Verwendung nach einem oder mehreren der Anspruche 1 bis 12, worin die Zusammensetzung als ein Adhasions- 
mittel Oder Adhasionspromotor fur Zahnschmelz und Dentin, fur das Oberflachenversiegeln von konventionellen 
Verbundmaterialien, als Adhasionspromotor fur Dentalfullstoffe oder als eine Uberzugszusammensetzung ver- 
wendet wird. 

55 

17. Teigiges Dentalmaterial. das in Gegenwart von Initiatoren photochemisch oder Ihermlsch hartbar ist oder selbst- 
hartend ist. zusammengesetzt aus einer oder mehreren harzartigen Dental zusammensetzungen und einem oder 
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mehreren feinteiligen Fullstotten und/oder ubiichen Additiven, dadurch gekennzeichnet, daB es 20 bis 70 Nfolum- 
sprozent an harzartigen Dentalzusammensetzungen nach einem Oder mehreren der Anspruche 1 bis 12 enthalt. 

18. Dsntalmaterial nach Anspruch 17, dadurch gekennzeichnet. da3 der enthaltene Fullstoff. gegebenenfalls zusam- 
5 men mil anderen Fullstoffen, eine gehartete. f einteilige harzartige Dentalzusammensetzung nach einem cxier meh- 

reren der Anspruche 1 bis 12 ist. 



Revendicatlons 



10 



1. L'utilisation en art dentaire d'une composition r6sin9use qui est photochimiquement ou thermiquement durcissable 
en presence d'amorceurs. ou autopolymerisable, k base de polysiloxanes polym6risables at pouvant etre obtenue 
par condensation hydrolytique d'un ou de plusieurs composes de silicium hydrolytiquement condensables et si 
d6sir6 d'autres 6l6ments du groupe comprenant B. Ba, Ti, Zr. Al, Sn, les m^taux de transition, les lanthanides et 
IS les actinldes, et/ou des prd-condensats ddrivds des composes susmentionn^s. si approprid en presence d'un 
catalyseur et/ou d'un solvant, par Taction de I'eau ou de I'humiditd, de 1 d 1 00 % en moles, sur la base de composes 
monom^res, de silanes correspondant k la formule g6n6rale (I) 

dans laquelle les radicaux X, Y et R sont identiques ou diffdrents et ont la signification suivante : 

R = alkyle, alk^nyle, aryle, alkylaryle ou arylalkyle, 
25 X = hydrogSne, halog^ne, hydroxyle, alcoxy, acyloxy, alkylcarbonyle. alcoxycarbonyle, ou NR'2, 

oCj R' = hydrog6ne, alkyle ou aryle, 

Y = un substituant contenant un radical l,4,6-lrioxaspiro[4.4]nonane substitud ou non substitud, 
n=1, 2ou 3, 

m = 1 . 2 ou 3, avec n+m <A, 



30 
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et/ou de silanes correspondant k la formule gdndrale (II) 

{X,R,Si[R^A),]4.^„,,j},B (II) 
dans laquelle les radicaux A, R, R^ et X sont identiques ou diffdrents et ont la signiticatbn suivante: 



A = O. S. PR'. POR'. NHC(0)0 ou NHC(0)ONR'. 
ou R' = hydrogfene, alkyle ou aryle, 
40 B = un radical organique k chatne lln^alre ou ramltl6e d6riv6 d'un compose B' comprenant au moins deux 

doubles liaisons C-C et 5 ^ 50 atomes de carbone, olj R' = hydrogdne. aikyle ou aryle. 
R = alkyle, alcdnyle, aryle, alkylaryle ou arylalkyle, 
R2 = alkyl^ne. aryl^ne ou alkyl^ne-aryl^ne ; 

X = hydrog6ne, halogfene, hydroxyle, alcoxy, acyloxy, alkylcarbonyle, alcoxycarbonyle ou NR'2, 
^ ou R* = hydrogfene, alkyle ou aryle, 

n = 1 , 2 ou 3, 
k = 0, 1 ou 2. 
I = 0ou1. 

X = un entier dont la valeur maximum correspond au nombre de doubles liaisons du composd B' nnorns 1 , ou 
50 est 6gale au nombre de doubles liaisons du compos6 B' quand I = 1 et A repr6sente NHC(0)0 ou NHC(O) 

NR'. B' pr^sentant deux groupes acrylate ou m^thacrylate ou plus. 

2. Utilisation selon la revendication 1. caracteris6e en ce que les silanes de formule generate (1) sont ceux dans 
lesquels Y est 6gal k 

55 
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IS 
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OU 

25 

oD les radicaux Z sont identiques ou diffdrents et reprdsentent un hydrog^ne, un hydroxyie, un alkyle, un alcdnyte, 
un aryle, un alkylaryle, un arylalkyle, un alkylcarbonyle, un alcoxycarbonyle, un acryloxy, un nri6thacryloxy ou un 
halog^ne. 

30 

3. Utilisation seion la revendicatlon 1 ou 2. caract6ris6e en ce que les silanes de fomiule g^nSrale (II) sont ceux dans 
lesquels les radicaux et indices ont la slgnlficatk^n sulvante : 

X = alcoxy en Ci k C4 ou halogfene ; 
3S R = alkyle en ^ C4 ; 

R2 = alkyl^ne en ^ C4 ; 
A = O ou S ; 
n = 1 . 2 ou 3 ; 
1= 0 ou 1 ; 

40 4-(n + k)=0 pour I = 0 et 1 pour 1=1; 

B et X sont tels que dans la revendicatlon 1 . 

4. Utilisation sebn la revendicatlon 3, dans laquelle 

45 X = m6thoxy, §thoxy ou chlore ; 

R = mdthyle ou 6thyle ; 
R2 = nn6thyl6ne ou propylene; 
A = S ; et 
1=1. 

so 

5. Utilisation selon une ou plusieurs des revendrcations 1 h 3, caract6ris6e en ce que les silanes de formule g6n6rate 
(II) sont ceux dans lesquels le motif pr6sentant I'indice x est s6lectionn6 parnni le triethoxysilyle. le m6thyldi6thoxy- 
silyle, le m^thyldichlorosilyle. le 3-nn6thyldim6thoxysilylpropylthio, le 3 tridthoxysilylpropylthio, l'6thoxydlm6thyl- 
silylmdthylthio et le m6thyldi6thoxysiiylm6thytthk>. 

55 

6. Utilisation selon une ou plusieurs des revendrcatlons 1 k 5, caract6rls6e en ce que les silanes de formule g6n6rale 
(II) sont ceux dans lesquels le compos6 B' contient au motns 2 (pour I = 1 et A=NHC(0)0 ou NHC(O)NR') ou au 
moins trois doubles liaisons C=C. 
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7. Utilisation selon Tune des revendications 1 & 6, caract6rls6e en ce que B est d6riv6 d'esters d'acide acrylique de 
trim6thylolpropane. de penta6rythrltol. de dipenta6fythrltol, d'alcanediols en C2 ^ Cg. de poly6thyl6neglycols ou 
de potypropyl&neglycols. 

s 8. Utilisation d'une composition dentaire r^sineuse seton une ou plusieurs des revendications 1 h 7, caract^risde en 
ce que les silanes de formule gdneraie (II) sont ceux dans lesquels x a pour valeur 1 ou 2. 

9. Utilisation d*une composition dentaire resineuse selon une ou plusieurs des revendications 1 a 8, caracterisde en 
ce que d'autres composes de silicium condensables hydrolytiquement et s^lectionnds parmi un ou plusieurs com- 

10 posSs de formule gdndrale (III) 

R,(R'Z')b Si X4.(,,,) (III) 

^5 si approprid sous une forme pr6condens6e, sont employes dans la preparation de la composition, oCi les radicaux 

R. R" et Z' sont identiques ou dltf6rents et ont la signification suivante : 

R = alkyle, alcenyle, aryle, alkylaryle ou arylalkyle, 

R" = alkylene ou alcenyl^ne, ces radicaux pouvant etre interrompus par des atomes d'oxygene ou de soufre, 
20 ou des groupes NH, 

X = hydrogfene. halog^ne, hydroxyle, alcoxy, acyloxy. alkylcarbonyle, alcoxycarbonyle ou NR'2. 
oij R'= hydrogfene, alkyle ou aryle, 

Z'= halogene ou un groupe amino, amide, aldehyde, alkylcarbonyle, carboxyle, mercapto. cyano, alcoxy al- 
coxycarbonyle, acide sulfonique. acide phosphorlque, aciyloxy, methacryloxy, 6poxy ou vinyle. 6venluellemenl 
substitud, 
a = 0, 1 , 2 ou 3, 

b = 0, 1 , 2 ou 3, avec a + b = 1 , 2 ou 3. 

10. Utilisation selon une ou plusieurs des revendications 1 a 9, caracterisee en ce que d'autres composants hydroly- 
30 tiquement condensables et s6lectionn6s parmi un ou plusieurs compos6s du baryum, du titane ou du zirconium 

qui sont solubles dans le milieu de reaction, si approprid sous une forme pr6condens6e, et correspondant ^ la 
formule g^ndrale 

BaR% ou M R^ 

sont employes dans la preparation de la composition, oD M reprdsente du titane ou du zirconium, les radicaux R*, 
R et X sont Identiques ou diff6rents, R" repr6sente un alcoxy ou un acyloxy, y est un entier de 1 6 4, z repr6sente 
0, 1 , 2 ou 3, et X et R sont d6finis comme dans le cas de la formule g6n6rale (I). 

40 

11. Utilisation selon une ou plusieurs des revendications 1 k 10, caract6ris6e en ce que la composition contient de 
plus un ou plusieurs monom^res qui sont copolym6risables par des radicaux libres et/ou de fagon cationique. 

12. Utilisation selon la revendication 11 , caracterisee en ce que la composition contient des acrylates, des methacryla- 
^ tes, des mono- ou oligo-epoxydes. des ethers de vinyle, des spiro-orthoesters, des spiro-orthocarbonates, des 

spiro-orthoesters bicycliques ou des spiro-orthoesters de methacryloyle en tant que monomSres polymerisables. 

13. Procede de preparation de compositions dentaires resineuses destinees d etre utillsees en accord avec une ou 
plusieurs des revendications 1^12, dans lequel le ou les composes de silicium condensables hydrolytiquement. 

^ et si desire d'autres elements du groupe comprenanl B. Ba, Tl, Zr Al, Sn, les metaux de transition, les lanthanides 

et les actinides, et/ou des pr6-condensats derives des composes susmentionnes, sont condenses de fa$on hy- 
drolytique. 

14. Procede selon la revendication 13. caract6rise en ce qu'un ou plusieurs monomferes qui sont copolymerisables 
^ par des radicaux libres et/ou de fa^on cationique sont ajoutes au melange reactionnel avant et^ou apres la con- 
densation hydrolytique. 
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15. Prcx:6d6 selon la revendication 14, caract6ris6 en ce que des acrylates, des m6thacrylates. des mono- ou des 
oligo-dpoxydes. des others de vinyle, des spiro-orthoesters. des spiro-orthocarbonates. des spiro-orthoesters bi- 
cycliques ou des spiro-orthoesters de methacryloyle sont ajout6s au mdlange r^actionnel en tant que monomeres 
polymdrisables. 

5 

16. Utilisation selon une ou plusleurs des revendications 1^12, dans laquelle la composition est utilisee en tant 
qu'adhesif ou promoleur d'adherence k r§mail et ^ la dentine, pour le scellement en surface de composites con- 
ventionnels, en tant que promoteur d'adherence pour des materiaux d'obturatlon dentaires ou en tant que com- 
position de recouvrement. 

10 

17. Mat6riau dentaire en pate, qui est durcissable photochimiquement ou thermiquement en presence d'amorceurs 
ou autopolym6risable, compose d'une ou de plusieurs compositions dentaires reslneuses et d'un ou de plusleurs 
mat6riaux d'obturation finement divises et/ou d'additits ordinaires, caract6ris6 en ce qu'il contient 20 h 70% en 
volume de compositions dentaires rdsineuses selon une ou plusieurs des revendications 1^12. 

1$ 

18. Materiau dentaire selon la revendication 17, caract6ris6 en ce que le mat6rlau d'obturatlon contenu, si appropri6 
avec d'autres materiaux d'obturation, est une composition dentaire resineuse durcie et finement divisee en accord 
avec Tune des revendications 1^12. 

20 
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